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TliE HELVTIOX OF DIFJIOSPIIOPYRIDINE NUCLEOTIDE AND 
CITIUTE TO THE MEr.VBOLISM OF TESTOSTERONE BY 

LRTDR TISSUE* 


M \\ S\\ HAT AM) LLO T SAMUELS 

(From the Department of Ji/otopiral Chenn'stry, Unucrstly of Utah School of Medzcittc, 

Salt Late City) 

(Kcccucd for publication, I ebrunrj’ 24, 1948) 

In a prcMous p iper (1) from this laborator}', evidence was given indicat- 
ing tlmt the lestostcrone-dcslroying mechanism of liver mvolves an oxida- 
ti\e enzvme Tlie ol)‘:er\ation that certain enzyme inhibitors brought 
about onl}’ pirtnl inliiliition suggested that some substrate or carrier 
prcMousl} accumulated in the S3fstcm bejmnd the points of inhibition was 
used in the testosterone destruction In this paper evidence is given which 
strongly indicates that diphosphopjTidine nucleotide (DPN) and citrate 
are invohed in the destruction of testosterone by the hver The end- 
prodiicts in the presence of added DPN are not the same as m the presence 
of added citrate This agrees inth the conclusions of Samuels and Pottner 
(2) that probabb’’ more than one step is mvolved in the destruction of 
testosterone by the hver A number of other compounds associated with 
I'.nown metabolic systems have been tried, but have been meffective 

EXPERIMENTAL 

The tissue incubations and testosterone analysis were carried out ac- 
cording to the procedure of Samuels (3) and Samuels, McCaulay, and Sel- 
lers (1) ^\lth the exception that the incubation flasks were aerated with 
oxygen immediately after the addition of tissue mmee The testosterone 
■was determined spectrophotometrically vuth the 240 m/i absorption band 
caused by the a,/3-unsaturated ketone structure The 17-ketosteroids 
Were determined by the Callow modification of the Zunmermann reaction 
(4) The DPN, hexose diphosphate, and adenosine-3-phosphate were ob- 
tained fiom the Schwarz Laboratoiies, the adenosine-5-phosphate from 
the Ernst Bischoff Company The oxalacetic acid was prepared from the 
sodium ethyl ester The other cofactors were prepaied as sodium salts 
from the conespondmg acids The buffei solution was the same as that 
used in previous studies (1) Most of the cofactois weie added as sodium 
salts, the ionic balance of the buffer bemg mamtamed by leavmg out a 
correspondmg amount of sodium chloride The buffer solution contammg 

* This investigation was supported bj grants from the Conner Foundation, Inc , 
Ciba Pharmaceutical Products, Inc , and the National Cancer Institute 
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TESTOSTEBONE METABOLISM BY LIVER 


the cofactor was used to wash the minced hvei mto the incubation flask 
The flask was then filled wth oxygen and placed m the incubation bath as 
rapidly as possible Incubation a\as halted by boiling as m previous vork 
and the analytical piocedures then carried out 

Results 

The various substances which ha^e been tried, together vuth their effect 
on testosteione metabolism, are given m Table I Of these substances, 


Table I 

Rate of Destruction of Testosterone in Presence of Various Cofactors 
The results are expressed as micrograms per gm per hr 


Colactor 

Concen 

tration 

Fed rats 

Fasted rats 

Rate with 
colactor 

Fate without 
cofactor 

Rate with 
co^’actor 

Kate 
without 
CO actor 

Succinate 

0 05 

107 

105* 



Oxalate 

0 005 

103 

125* 

17 

38 

Adenosine 3-phosphate 

0 001 

115 


41 

61 

Hexose diphosphate 

0 005 

143 


39 

61 

Pyruvate 

0 05 

119 

126* 

49 

51 

Glutamate 

0 05 

119 

125* 



Adenosine 5 phosphate 

0 001 

128 

125* 



Calcium 

0 001 

143 

127* 



DPN 

0 001 

209 

111* 

153 

49 

Citrate 

0 001 

269 

111* 

236 

49 


per cenl 





Glucose 

0 1 

125 

120 




In all incubation flasks 200 y of testosterone were introduced with approximately 
0 7 gm of liver mince and 25 cc of bufifer solution 

The final concentrations of ions in the buffer solution were as follows KCl 0 0026 
M, MgCl" 0 0021 M, NaCl 0 08 m, Na'>HPO<-NaHsP04 buffer (pH 7 4) 0 04 M 
* The buffer in these flasks also contained 0 1 per tent glucose 

only DPN and citrate increased the rate of testosterone destruction signif- 
icantly There is no correlation between the effect of these substances on 
oxygen uptake and their effect on testosterone destruction The concen- 
trations of succinate used mcreased the oxygen uptake the most, but bad 
little or no effect on the late of testosterone metabolism 

As our preparation of DPN was only 60 per cent pure, the question aiose 
whether some other mgredient could not be the causative factor in increas- 
ing testosterone metabohsm Adenosine-5-phosphate is one of the mam 
contaminants of this preparation The addition of this substance, as seen 
m Table I, had no effect 
















M h SWEAT AND h T SAMUELS 


3 


TJicrc was a marked difTcrcncc between the products formed m the pres- 
ence of DP\ and (hose in (ho presence of ciliatc 17-Ketosteioids ap- 
pealed to bo the main pioducts fonned in the piesence of DPN (Table II) 
Tlic addition of cilrafo, on (he other hand, did not give rise to these sub- 
stances although (he hormone was dcstro 3 ’ed at a comparable rate It 
would thus eocm (hat the two compounds act in diffeient wa 3 ^s on the 
metabolic process 

Destruction of testosterone was found to be decreased in the livers of lats 
fasted for IS hours (Table II) Addition of DPN or citrate increased this 
rate be 3 oid that of the livers of fed rats wathout such additions Nico- 

Tadle II 

of Nicotnianndc, DPN, and Cttratc on Destruction of Testosterone by Liter 
Tissue of Fed and Fasted Rats 

The results arc means of duplicate incubations, micrograms per gm per hour 


! 

1 

1 

Cofactor 

Rate with 
cofactor | 

Rate without 
cofactor 

Difference due 
to cofactor 

Testosterone 

dcsiroycU 

0 ) 

1 

1 

■S'® 

0 1 

” 1 

Testosterone 

destroyed 

17 Kctostcroids 
formed* 

Testosterone 

destroyed 

17 Kctosteroids 
formed* 

Tasted 4S lirs 

Nicotinamide, 0 04 M i 

1 

64 


38 


26 



DPN, 0 001 M 

107 

112 

49 

0 

148 

112 


Citrate, 0 001 m 

235 

0 

49 

0 

186 

0 

Ted 

Nicotinamide, 0 01 m 

228 


125 


103 

1 


DPN, 0 001 M 

200 

70 

i 111 

1 ® 

98 

70 


Citrate, 0 001 m 

269 

0 

111 

0 

158 

1 0 


In all incubation flasks 200 7 of testosterone nere introduced with approximately 
0 7 gm of liver mince and 25 cc of buffer solution 
* 17-Kotosteroids estimated as androsterone 


tinamide in 0 04 m concentration increased the rate in both t 3 T)es of liver, 
but as seen m Table II, the inciease was pi opoi tionate to the late of de- 
struction wath the buffei solution alone The absolute inciease in the livers 
fiom fasted rats was, theiefore, much less We are inclined to believe that 
these observations can be explained in terms of mhibition of DPN-destro 3 ^- 
ing nucleotidases b 3 ^ nicotinamide as showm b 3 ^ Mann and Quastel (5) and 
Handler and Klein (6, 7) If so, the smaller absolute influence of nicotina- 
mide on destiaiction of testosteione in the fasting hvei would indicate that 
there was less DPN available 

DISCUSSION 

DPN and citrate appear to be specifically utilized in the metabolism of 
testosterone The pioducts of metabolism when DPN is incubated with 
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the hormone, however, are distinctly diffeient from those formed m the 
presence of citrate Whereas the presence of DPN gives rise to products 
of a 17-ketosteroid nature, those obtained m the presence of citrate do not 
appear to fall into this chemical giouping 

The enhancmg effect of DPN does not seem to be through its effect on 
mcreasing metabolism via the glycolytic and Krebs’ cycle, as direct addition 
of several important members of these cycles did not mcrease the rate of 
metabohsm of the hormone 

Citrate also appears to act directly The evidence aheady cited m con- 
nection with DPN rules out a general effect through the Krebs’ cycle Its 
influence, however, might also be due to its effect on calcium ion Swmgle, 
Axelrod, and Elvehjem (8) showed that calcium ions increased the destruc- 
tion of DPN, apparently through the nucleotidase system However, cal- 
cium ion vas ruled out as a primary factor both by the meffectiveness of 
oxalate on testosteione metabolism and the small but msigmficant accelera- 
tion m the destruction of the hormone produced by the addition of calcium 
ion Citrate, therefore, must act in some yet umdentified way 

The observations of Samuels and Pottner (2) that rat and chick hver 
differed m the metabohc pathways of testosterone destruction is m accord 
with these present experiments The addition of DPN to rat hver results m 
the formation of products legularly found m large amounts m the presence 
mf chick hver The latter may have relatively larger amounts of coenzyme 
Sb proportion to the metabolic systems leadmg to the formation of sub- 
stances which are not 17-ketosteroids Citrate would seem to accelerate a 
leaction similar to the non-17-ketosteroid phase Whether DPN and 
citrate are involved m consecutive reactions or m two separate pathways, 
however, is not yet determmed 

The difference m the late of metabolism of testosterone between livers 
from fasting and fed animals when mcubated with nicotmamide is good 
evidence that DPN is a factor m the normal metabohsm of testosterone 
As Mann and Quastel (5) and Handler and ICem (6, 7) have shown, nico- 
tmamide and DPN are competitors for diphosphopyridme nucleotidase 
By mcreasmg the amount of mcotmamide, the DPN is thus protected for 
other systems Fuither, the work of Handler and lOem (6, 7) on the effect 
of broken tissue cells m mactivating DPN may explam our previous inabil- 
ity to obtam active cell-free extracts (1) 

SUMMARY 

Evidence is presented that DPN and citrate are mvolved m the metabo- 
lism of testosterone by the hver The products of the reaction m the pres- 
ence of DPN are largely 17-ketosteroids, vhile those m the presence of 
citrate are not. 
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THE SPECIFIC ESTER \SE ACTIVITY OF CARBOXYPEPTIDASE 

Br JOHN E SNOKE, GEORGE \V SCm\ERT, and HANS NEURA.TH 

(r rom the Dcparhncttl of niochcmtstri/, Dul c Unncrstly School of Medicine, 
Durham, North Carolina) 


(Rccci\cd for publication, March 11, 194S) 


It was rctcnlh found lint the proteolytic enzymes tiypsin (1) and 
clijTnolr} psin (2) possess specific esterase activity In addition to catalyz- 
ing the hj'droh sis of S])ecific peptides (3-7), these enzymes also catalyze 
the hydroljsis of tho«c esters which possess the structural enviionment of 
the specific peptides In order to substantiate further the suggestion of 
Schwert cl al (!) that the specific esterase activity is a general attnbute of 
proleol 3 'tic enzimes, ester analogues of the specific peptide substrates for 
carbovj'peptidasc were prepared and the influence of the enzyme on these 
substrates was in\estigated Tw'o typical substrates for carboxypeptidase 
are carbobenzo\ygl3'C3d-i>phenylalanine (8) and chloroacetyl-L-phenyl- 
alanine (8, 9) These substrates are enzymatically hydrolyzed to carbo- 
benzo\ygl 3 'cinc and L-phen 3 dalamne in the case of the former substrate, 
and to chloroacetate and L-phenylalanme in the case of the latter If 
carbo\ypeptidasc is endowed \vith specific esteiase activity, the ester ana- 
logues of the above substiates, t e carbobenzoxyglycyl-i3-phenyl]actic acid 
and chloroacetyl-/3-phen3dlactic acid,* should hke\vise be hydrolyzed under 
the influence of carbo\ypeptidase 

The caibobeitzoxy group of carbobenzoxyglycyl-L-phenylalamne is re- 
quired, foi it has been shown that carboxyqjeptidase wuU not act on sub- 
strates which contain a free ammo group in close proximity to the 
susceptible peptide bond (8) However, it may be expected that some 



CHs 



CO— NH— CH 


j— COO— CH— COjH 


' Preliminary measurements have been carried out on a preparation of chloro- 
acetyl dl-p phenyllactic acid which resisted all attempts of crystallization and 
which, as an oil, gave a neutralization equivalent of 245 (theoretical 242 5) Hy- 
drolysis by carbo\ypeptidase followed zero order reaction kinetics but failed to 
proceed beyond 17 per cent completion For this reason, these results have to be 
Considered to be tentative 
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other Sub§tituent group which masks the basicity of the ammo group will 
serve as well. For convenience, the benzoyl denvative of glycyh/S-phenyl- 
lactic acid was prepared (hippuryl-^-pbenyllactic acid) instead of the corre- 
sponding carbobenzoxy denvative As it has been shown (10) that the 
racemate of carbobenzoxyglycylphenylalanme is as suitable for kmetic 
studies as the l isomer, the substrate used m the present mvestigation was 
the racemic form of hippuryl-;3-phenyllactic acid, the structure of which is 
given above 

This ester is readily hydrolyzed m the presence of carboxypeptidase 
The results of quantitative kmetic studies are presented in this paper 

EXPERUIENTAL 

Substrate, Hippuryl-dl-^-phenyllactic actd (HPLA) — The startmg mate- 
nals were hippuryl chlonde and dZ-)3-phenyllactic acid The preparation of 
hippuryl chlonde was earned out as desenbed by Fischer (11), while that 
of dl-d-phenyllactic acid was earned out accordmg to the directions of 
Dakm and Dudley (12) The dl-/3-phenyllactic acid w’as purified by re- 
crystalhzation from hot water A mixture of 5 3 gm of hippuryl chlonde, 

4 5 gm of dl-/3-phenyllactic acid, and 50 cc of dry toluene was refluxed for 
a penod of 1 hour under anhydrous conditions Upon bemg cooled, an 
orange gummy mass separated from the solvent w'hich was then poured off 
The reaction product was extracted with ether and the solvent was removed 
by concentration tn vacuo to yield an orange oil The oil was taken up m 

hot ethanol-water mixture and treated wnth nont to yield a pale yeUow 
solution Upon concentration in vacuo, an oil resulted which crystalhzed 
on standmg m the cold The product was recrystallized from hot toluene, 
collected, and w'ashed wnth a small amount of ether Yield, 2 0 gm , m p , 
121 5-122 5° 

CisHitOsN (327 3) Calculated C 66 0, H S 24, N 4 28 
Found “ 65 9, “ 5 21, " 4 38 

Methods — ^Enzymatic measiuements were earned out at 25° m the pres- 
ence of 0 01 M phosphate buffer and 0 025 m LiCl The substrate was 
weighed out before each experiment, and then neutrahzed to pH 7 5 by 
'careful addition of 0 1 n NaOH Buffer, LiCl solution, and water were 
added so that after the addition of the enzyme solution the total volume 
of the S 3 ^tem would be 10 cc The course of the reaction was followed by 
direct electrometric titration as previously desenbed (1) Enzyme solu- 
tions were made up daily from a stock solution contammg about 0 3 to 0 5 
mg of enzyme mtrogen per cc The stock solution was prepared about 
every 3rd day from a stock suspension of crystals (10) Enzyme mtrogen 
concentrations were determmed with the semumcro-Kjeldahl method. 
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Eaulh 

At pH t 5, IIPL V ib rapicilj lij(Jro!j'’7ccl in the picbcncc of small amounts 
of carbov3T5cplidT'e Qtianliintnc measurements revealed that the rate 
of hydrolysis follows 7cio order kinetics up to SO per cent of the initial 
concentration of the cnr^maticalh sii^^ccptible isomei of HPLA present in 
solutions of the d/ ‘substrate Roprcsentativc data for the hydrolysis of 



Minutes 

J’m 1 Hydroijsis of HPLA by various concentrations of carbo\ 3 'peptidase as 
Measured by electrometric titration m 0 01 m phosphate buffer, 0 025 m LiCl, pH 
at 25° The initial concentration of dl-HPLA in all three systems was 0 010 m 
• the amount of carbo\ypeptidase N m mg present in these systems (final volume 
10 cc) IS shown by the following O 0 00500, O 0 00500, H 0 00375, A 0 00250, 
A 0 00125, □ 0 OOOC25 The inset graph indicates the linear relationship betw^een the 
rate of hydrolysis of HPLA and the amount of carbo\ypeptidase present 

0 01 Ai solution of df-HPLA by five diffeient concentiations of carboxy- 
peptidase, vaned over an 8-fold range, aie given in Fig 1 The precision 
of the analytical method is evidenced by the close fit of the pomts obtamed 
^ dupheate experiments at the highest enzyme concentration The inset 
graph of Pig 1 demonstrates that the rate of hydrolysis is proportional to 
f^he enzyme concentration m the system 
Although careful examination of the analytical data excluded rates other 
than that of zero order, a dependence of the rate constant on imtial sub- 
strate concentration became apparent, Kepresentative data aie given m 
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Fig 2, in which the titration data for four different initial substrate concen- 
tiations at a constant enz 3 one concentration of 2 5 X 10"^ mg of N per 
cc are plotted according to zero order lanetics The rate of hydrolysis, 
represented by the slope of the linear portion of the curves, is highest for 
the lowest initial substrate concentration and decreases mth increasing 
substrate concentration as shoira m the inset graph of Fig 2 The sub- 
strate concentration dependence of the reaction constant decreases mark- 



Minules 

Fig 2 Dependence of hydrolysis of HPLA on initial substrate concentration in 
0 01 M phosphate buffer, 0 025 m LiCl, pH 7 50 at 25° The amount of car- 
boxypeptidase N in mg present in these sj stems (final volume 10 cc ) was 0 00253 
The initial concentration of df-HPLA is shown by the following 0 0 005 m, A 0 010 m, 
• 0 015 M, O 0 020 M The inset graph indicates the relationship between the rate of 
hydrolysis of HPLA and the initial concentration of HPLA 

edly with increasing substrate concentration and appears to vanish near 
0 02 M dZ-HPLA 

In Mew of the mhibition of carboxypeptidase activity toward carbo- 
benzoxyg]ycy]-L-phenyIalanine by chloroacetate (8, 9) and by n-phenyl- 
alanine (13), the mfluence of these two compounds as well as that of dl- 
phenyllactic acid on the hydrolysis of HPLA was investigated No 
measurable effect was noted when 0 007 m sodium chloroacetate n as added 
to the enzymie-substrate system containing 0 01 m dZ-HPLA The addi- 
tions of 0 01 M DL-phenylalaume and of 0 01 m dZ-phenyllactic acid to the 
same system decreased the zero rate of hydrolysis by, respectively, 38 and 
17 per cent A more detailed study of the inhibition by these two com- 
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pounds •will be deferred untd analogous experiments on tbeir influence on 
flic l^^ droh SIS of carbobon7o\-j glj cvl-L-phcnylalanine have been completed * 
The enzjnntic sjiccificify of the h3'diolyfais of HPLA was ascertained by 
the exclusion of a measurable extent of spontaneous hydrol3'sis of this ester 
in the buffer s3slcm used, and b3'’ measuicments of the effects of other 
pancreatic protcol3lic 01123 incs Of the latter, ciystalhne nbonuclease* 
(0 3 mg per cc ) and cr3'sfalhnc tr3'psm^ (0 1 mg of N pei cc ) had no 
measurable effeefs Ciystalhne ch3'motr3’psm^ caused a slow hydrolysis, 
the rate j er mg of 0023 me N per cc being about 0 CC 05 of that produced 
b3'’ carLox3 peptidase, j c G 2 X 10"' mole per minute pei mg of enzyme 
K for cly'motiyTisin compared to 1 2 X 10 “’ for carboxy-peptidase 

niscussioN 

The present expenmental data provide evidence that carboxypeptidase 
IS capable of catnl3'zing the hydrolysis of a specific ester The chemical 
structure of the substrate is such as to allow only one interpretation for 
the liberation of titratable acid during enzymatic hydrolysis, namely the 
splitting of the ester bond, since carboxypeptidase is incapable of hydrolyz- 
ing the secondaiy' peptide bond of carbobenzoxyglycyl-L-phenylalanine ( 4 ) 
The obsen ed zero order kinetics for the enzymatic hydrolysis of HPLA 
IS in accord with analogous data for the specific esterase activity of tiypsm 
( 1 ) This may be ascribed in both cases to full saturation of the enzyme 
by the substrate, the ratc-detcrmining step apparently being that of the 
activation on the enzyme surface With both enzymes, too, the hydrolysis 
of the corresponding peptide apparently follows first order hnetics ( 4 , 14 ) 
However, m the present case, the dependence of the rate of ester hydrolysis 
on initial substrate concentration requires consideration It has been found 
that the apparent fiist ordei reaction constants for the hydrolysis of carbo- 
benzoxyglycyl-DL-phenylalanine by carbox3q)eptidase ( 13 ) and for the 
hydrolysis of specific peptides and esteis by chymotiypsin (2) decrease with 
increasing substrate concentration This dependence of fiist Older reac- 
tion constants upon substrate concentiation can be accounted for by the 
shift of equihbnum between combined and free enzyme with changing sub- 
strate concentiation However, as would be expected, the initial reaction 
velocity increases with inci easing substrate concentration 
The same explanation cannot apply to the observed deciease of the re- 
action constant of ester hydrolysis )vith increasing substrate concentration 
Since the ester hydrolysis follows zeio order kinetics, the imtial velocit3'’, 

■ Elkms-Kaufman, E , and Neurath, H , manuscript in preparation 
’ We are indebted to Dr Lawrence L Lachat, Armour and Company, Chicago, for 
the ribonuclease, crystallized from alcohol, used in this experiment 

* The preparation was the same as that described m a previous publication (IJ 
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as well as the rate constant, decreases with mcreasmg substrate concen- 
tration Nor can incomplete dissociation of HPLA or of the reaction prod- 
ucts at the pH of the electrometric titrations (pH 7 5) accoimt for this 
effect Electrostatic interactions between enzymes and substrate may 
conceivably be considered and vull be evaluated m further experiments 

Because of the difference m order of the reaction rates, stnct companson 
of the specific esterase and peptidase activities of carboxypeptidase is diffi- 
cult Further limitations of such a companson anse from the large and 
oppositely directed dependence of the hydrolysis rates of peptide and ester 
upon substrate concentration 

The specific ester substrates for trypsin and chsnnotiypsin that have so 
far been tested are hmited to those which contain a tennmal methyl or 
ethyl group ® Although these esters are structural analogues of specific 
axmde substrates for trypsin and chymotrjrpsm, it is doubtful that amides 
of this type occur m native protems The hydrolysis of HPLA by carboxy- 
peptidase IS a more convmcmg proof for the mabihty of proteolytic enzymes 
to differentiate between peptide and ester bonds, smce N-substituted gly- 
cylphenylalanme is a natural substrate for carboxypeptidase and HPLA a 
true analogue thereof 

This work has been supported by grants from the Rockefeller Founda- 
tion, from the National Institute of Health, the Umted States Pubhc Health 
V ae, and from the Duke University Research Council 

SUMMARY 

Crystalhne carboxypeptidase exhibits esterase actmty toward an ester 
analogue of a specific peptide substrate Hippuryl-j9-phenyllactic acid 
(HPLA) IS hydrolyzed at a fast rate according to zero order kmetics 
Quantitative studies on HPLA, mcluding the effects of enzyme and sub- 
strate concentrations, are descnbed 

The s 3 Tithesis of hippuryl-d?-/3-phenyllactic acid is descnbed 
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STUDIES OX THE HEVT IXACTIVATION OF LYSINE IN SOY 

I3EAX OIL I\IEAL* 

ih Honnn tohn kvans wd iihlen a butts 

(Prom the Drpnrtmnil of \gncuUurnl Clininitn/, MtcMgan Slate College, East Lansing) 
(IUrLi\f(l for publinlion, Marrli 22, 1948) 

The early litcntiirc (Icnioii'ilr'iting the loss m nutritive value of proteins 
resulting from licit (leitincnt has been reviewed by McCollum, Orent- 
Keilcs, and D'^^ (1) Gicivcs ind coworkeis (2, 3) observed that lysme 
supplementation impro\cd the nutritive value of heat-tieated casein but 
not of raw casein for rats Waisman and Elvehjem (4) made similar ob- 
Eer\atious with iutocla\cd edestin, and Block cl al (5) wath a cooked cake 
nuxlurc Block, Jones, and GersdorIT (G) isolated equal amounts of lysme 
from acid li 3 drol 3 sates of heated and unheated casein Zittle and Eldred 
(7), using a spccifie L-l 3 'sinc decarboxylase to deteimme lysine, conhrmed 
the results of Block cl al (G) Mitchell and Block (8) found no destruction 
of l3sine to result from pelleting and exploding an oat-coin-rye mixture, a 
pioccss w'hich lowered the nutritive value of the proteins Dry heat treat- 
ment of proteins appears to bind lysme m such a manner that it cannot be 
utilized ly the animal Acid hydrol 3 ’’sis, but not digestion tn mvo, frees 
the 13'sinc so that it can be utilized This is supported by the obseivation 
of Seegers and Mattill (9) that, although heat tieatment low^ered the nu- 
tritive value of beef liver for rats, the acid-hydrolyzed liver supplemented 
wtli typtophan supported grow'th comparable to that obtained with 
unheated liver 

Autoclaving soy bean oil meal at high temperatures or foi long periods 
of time decreases the availability of the lysme for growmg chicks (10, 11) 
aud turkey poults (12) Part of this loss of availability is due to actual 
destruction of lysme as determined by microbiological assay on the acid- 
hydrolyzed soy bean oil meal (13, 14) 

Two t 3 q)es of heat inactivation of lysme apparently take place, one a 
destruction of the lysme, and the other a binding of the lysme m some foim 
such that it is not liberated by digestion zn vivo or by enzyme hydrolysis 
mlro but is liberated by acid hydrolysis Evans and McGinnis (14) 
observed that, of the lysme not destroyed by autoclavmg soy bean oil meal 
at 130° foi GO minutes, only 5 per cent was made available by enz 3 Tne di- 
gestion in vilro It was the purpose of this mvestigation to study further 
the two types of heat mactivation of lysme occurrmg durmg the autoclav- 
mg of soy bean oil meal 

* Published with the approval of the Director of the Michigan Agricultural E\pen- 
ment Station as Journal article No 954 (new series) 
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EXPERIMENTAL 

A preliminary experiment was conducted m which 20 gm portions of 
solvent-extracted soy bean oil meal,* soy bean protein,* or sucrose^ were 
autoclaved for 4 hours at 15 pounds pressure both ivith and without addi- 
tions of 0 1 gm of L-lysine hydrochloride, 0 1 gm of DL-methionine,* and 
0 05 gm of L-cystme A mixture of the three ammo acids was also auto- 
claved without any other material 

10 gm portions of soy bean oil meal,* soy bean protein,* sucrose, or soy 
bean protein (8 gm ) plus sucrose (2 gm ) were used m the experiment 
reported m this paper Portions of soy bean oil meal and soy bean protein 
were autoclaved or heated m a dtying oven for 4 hours at 121° both with 
and without additions of 0 50 gm of DL-lysme hydrochloride "* One por- 
tion of soy bean protem was autoclaved for 15 mmutes The samples of 
sucrose plus soy bean protein were autoclaved for 4 hours with and without 
the addition of 0 50 gm of DL-lysme hydrochloride 

Lysme was determmed on the above samples by microbiological assay 
■with Leuconostoc mesenteroides with a medium similar to that described by 
Sauberlich and Baumann (15) Acid hydrolysates of the materials were 
prepared by autoclaving 1 0 gm with 20 ml of 20 per cent hydrochloric 
acid for 8 hours at 15 pounds pressure In vitro enzyme (trypsin -f erep- 
sm) digests of the materials were prepared on 1 0 gm samples, as described 
by Evans (16) When the sucrose and sucrose plus lysine samples were 
autoclaved they took up water, becommg syrupy The samples were 
lived m water and diluted to a volume of 100 ml 10 ml aliquots were 
' for the acid hydrolysis of the samples and concentrated hydrochloric 
was added to give a solution of 20 per cent HCl 10 ml aliquots were 
also used for the enzyme digestion studies, the 10 ml replacmg an equal 
volume of water m the digestion mixture 

Results 

No destruction of L-lysme hydrochloride took place when it was auto- 
claved for 4 hours with methionme and cystme m the prelimmary experi- 
ment Lysme autoclaved with soy bean oil meal was 67 per cent de- 
stroyed and 7 per cent converted to a form from which biologically active 
lysme was freed by acid hydrolysis but not by enzymic digestion in vitro 
Lysme added to sucrose was completely destroyed by autoclavmg, whereas 

1 Commercial solvent-extracted soy bean oil meal furnished by Professor J A 
Davidson of the Department of Poultry Husbandry 

j “Alpha” protein furnished by The Glidden Companj, Chicago 

3 Commercial beet sugar . . rr. n 

* DL-Methionine and DL-ljsine monohydrochloride acre furnished bj the Eon- 

Chemical Companj , Midland, Michigan 
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33 pel cent of Ih it nddecl <o ''03 bean piotcm was destroyed and 23 per cent 
bound in n forai from mIucIi bioloKicalI\ active lysine vas not freed by 
ciimnio diRChtion in iiiro 

llic results of the prineip d experiment arc presented m Tables I and II 
Soj iican oil meal was eliingcd bj aiitoclaMng from a golden colored 
m itcrnl to a dark bi ow n 13 per cent of the lysine present m the meal w'as 
destroyed bj lutochn ing, and 01 per cent less Ij-^sinc w'as liberated by 
cnriTOic digestion vi xitro from the autoclaxcd than from the unautoclaved 

Taiiii I 

Influence of Heat Treatment of Soy Dean Protein or Soy Iican Oil Meal on Inachvaiton 

of Lyxinc in Protein 

10 gm portions of the nmlcnala were nutoclaied or heated in a drying oven at 
121° for 4 liours for the heat treatment Decreases in the Ijsine content of the soy 
bean materials as determined on the acid hydrobsate after heat treatment are con- 
sidered to he duo to destruction of hsine, those determined on the enzymic hydroly- 
sate ns due to inactiiation, including destruction 


So) btan prwlufl 

Heat treatment 

Acid hjdroljsis 

EDr>*me hydrolysis 

Lysme 

content 

Lj sine 
destroyed 

L>5me 

content 

Lysme in 
activated 



fer cent 


ter cent 

per cent o] 
total\ 

Oil mcttl 

None 

2 69 


1 28 

0 


Autoclaved, 4 hrs 

1 53 


0 60 

61 


Dry heat, 4 hrs 

2 69 


1 28 

0 

Protein 

None 

4 65 

0 

3 07 

0 


Autoclaved, 16 min 

4 67 

0 

3 08 

0 


'* 4 hrs 

4 52 

3 

2 14 

30 


Dry heat, 4 hrs 

4 64 

0 

2 77 

10 

Protein -f- sucrosef 

Autoclaved, 4 hrs 

2 46§ 

47 

0 50 

84 


* Total lysine is considered to be the lysine content of the unheated material 
determined after acid hydrolysis 

t Total lysine is considered to he the lysine content of the unheated material 
determined after enzyme hydrolysis 

1 8 0 gm of soy bean protein and 2 0 gm of sucrose 
§ Lysine content in the soy bean protein 

meal Autoclaving destroyed 37 per cent of the added nir-lysme hydro- 
chloride and converted another 22 per cent of it to a form from which 
biologically active lysine was freed by acid but not by enzymic digestion 
Dry heat did not affect the lysme m the soy bean oil meal but destroyed 
10 per cent and inactivated an additional 32 per cent of the added lysme 
The color of the meal was little affected by the diy heat treatment 
The soy bean protem was converted by autoclaving from a white to a 
golden brown product Little destruction of the lysme m the protem 
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occurred, but 30 per cent less lysme ms liberated from the autoclaved 
protein than from the unautoclaved by enzymic digestion in mlro Of the 
added lysine, 7 per cent was destioyed and 24 per cent more was inactivated 
by autoclavmg Dry heat had little effect on the soj'’ bean protem or on 
the lysme added to it 

When sucrose was autoclaved with ni-lysme hydrochloiide, a black 
syrupy mass was obtained, which on dissolving m water had the color of 
crude molasses All of the added lysme was destroyed 

Autoclaving a mixture of 20 per cent sucrose and 80 per cent soy bean 
protein pioduced a chocolate-brown product daiker in color than the auto- 
claved soy bean oil meal 47 per cent of the soy bean lysine was destroyedj 
and 84 per cent less lysine was liberated from the autoclaved than from 
the unautoclaved soy bean protem by enzymic hydrolysis in miro 56 per 
cent of the added lysine was destroyed and 19 per cent more was inacti- 
vated 


DISCUSSION 

Lysme is made biologically inactive m two difteient ways when a complex 
mateiial such as soy bean oil meal is subjected to sufficiently drastic heat 
treatment Part of the lysme is destroyed, that is, it is converted to a 
substance which is not biologically active for Leuconostoc mesenieroides 
after acid hydrolysis Pait of the lysme is converted to a form resistant to 
snzymic digestion in vitro but active for Leuconostoc mesenieroides aftei ' 
|Cid hydrolysis Block el al (5) postulated the latter reaction to be one 
^tween the free carboxyl group of the dicarboxylic ammo acids and the 
'-ammo group of lysine to form a new peptide linkage lesistant to enzymic 
lut not to acid hydrolysis 

Fuither evidence for the two types of lysme inactivation is presented m 
the present paper Destruction of lysme was apparently most influenced 
by the sucrose present Autoclavmg dl lysme hydiochloride with sucrose 
resulted m complete destruction of the lysine The addition of sucrose 
to soy bean piotem to give a 20 per cent level of sucrose increased the de- 
struction of the lysme (both that contained m the piotem and that added 
as DL-tysme hydrochloride) from about 5 per cent to about 50 per cent 
Sucrose is the principal carbohydrate m soy bean oil meal, comprising 6 
per cent of the meal and 27 per cent of the total carbohydrates (17) Soy 
bean oil meal contains 22 per cent carbohydrates but no reducing sugars 
(17) Stevens and McGinnis (18) observed that autoclavmg lysine with 
cerelose (primarily glucose) for 4 hours rendered it unavailable for chick 
groivth This was probably caused by the destruction of lysme 

When no carbohydrate was present, the principal result of autoclaving 
soy bean protem was to convert the lysme to a form that was not made 
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biolosicilh nctnc by cnrj-mc digestion m vtlro but was activated by acid 
lijdrol^sis This could be ciuscd by the mechanism postulated by Block 
cl al (5) Bit lie dcctniction of lysine occurred in the absence of carbohy- 
dntc 

Dr\ bent h id hi lie or no effect on the availabilit}^ of the lysine contained 
in ‘-o\ l)pan oil moil or soj bcin protein (10 per cent inactivated) Dry 
heat imctnalod 12 per cent of the DL-Ij’’sinc h 3 'drochloride added to soy 
bean oil meal, of vhich 10 per cent was dcslioycd, but had little effect on 
lint added to soj’ be in protein Appaicnllj’^ caibohydrate or some other 
conslilucnls of the bean oil meal increased the magnitude of diy heat 

Tabll II 

htjlucncc of Ileal Treatment of Lysine tn Presenee of Soy Bean Oil Meal 
or Its Conslitie its on Inactivation of Adccd Lysine 


10 gni portions of the soy bean oil meal, soy bean protein, or sucrose were used 
IjjEinc was iddcd at a level of 500 mg of di lysine hjdroch'oride (250 mg of L-lysine 
hjdroch oride) The samples were heated as indicated for 4 hours at 121° 




Acid h>droI>sis 

Enzyme liydrolysis 

i 

Lysine 
inartuated 
but not 
destroyed 

Carrier j 

Treatment 

Added 

lysine 

recovered 

Lvsme 
dcstroi ed 

Added 

1> sine 
recovered 

Ljsine 

in 

activated 



Mg 

^£r cent 

1 

Mg 1 

per cent 

Per cent 

Soj been oil meal 

Autoclaved 

157 

37 

102 

59 

22 

** << l< ti 

Dry beat 

224 

10 

146 

42 

32 

“ “ protein 

Autoclaved 

232 

7 

173 

31 

24 

“ « II 

Dry beat 

238 

4 

235 

1 5 

1 

Sucrose 

Autoclaved 

0 

100 

13 

95 

1 0 

Soy bean protein 
+ sucrose* 

f ( 

110 

66 

63 

75 
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*80 gm of soy bean protein and 2 0 gm of sucrose 


inactivation and destruction The diy heat treatment used by other 
investigators w'as much more drastic than that employed here 
That free DL-lysme hydrochloiide may be more readilj’^ inactivated or 
destroyed than the lysine combined in protein form is indicated by the 
data Diy lieat destroyed 10 per cent of the lysine added to soy bean oil 
JBeal and inactivated 32 per cent more but did not influence the lysine 
combined in the soy bean oil meal protein 
A comparison of the results of the preliminary experiment with the data 
present’d in Table II indicates that the amount of destruction of added 
lysine depends to some extent on the relative amounts of added lysine and 
the soy bean material it is added to A greater proportion of the added 
lysine was destroyed m the preliminaiy experiment m which the ratio of 
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hevt inactivation of msine 


L-Iysine hydroclilonde to soy bean product was 1 200 than m the experi- 
ment reported in Table II in which the ratio was 1 40 


SUiniARY 

Two types of heat mactivation of lysme were observed when soy bean 
oil meal was autoclaved for 4 houis Approximately 40 per cent of the ■ 
lysine, both that present m the soy bean oil meal and that added as dl- 
lysme hydrochloiide, Aias destroj’'ed 60 per cent less lysine was liberated 
by enzymic digestion in vitro from the autoclaved than from the unauto- 
claved meal 20 per cent of the added Ij’^sme was converted to a form from 
which active lysme was freed 63 '- acid but not by enzyme hydrolysis in vitro 

Sucrose was apparentl 3 ’’ the cause of most of the lysme destruction which 
occurred when soy bean od meal was autoclaved Very little loss of lysme 
occuiied when so 3 ’’ bean protem was autoclaved m the absence of this 
sugar, but appioximately 25 per cent of the lysme was conveited to a form 
from which biologicall}’’ active lysme was liberated by acid but not by en- 
zyme hydrolysis in vitro The addition of 20 per cent sucrose to the soy 
bean protem lesulted m a 50 per cent destiuction of the 13 'sme by auto- 
claving 

Dry heat treatment did not destroy or inactivate nearly as much lysme 
as autoclaving did at the same temperature for the same time 
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STUDIES ON CAROTENOID METABOLISM 

I\ CONVLIISIOX 01 C\nOTJ:XL TO VlTAiMIN A IN THE 
IlirOTHIROID RAT* 

C\THERlXi: 1. ^^]I =:n, lOllX MEIIL, and HARRY J DEUEL, Jr 

(From the Dcparlmnit of litorhemi'lr}/ ayiri ulrilwu, Unwcrsily of Southern California 
School of Medici tic, Los Angeles) 

(Rrccnctl for piiblicilion, March 22, 194S) 

In the past 20 jc-irs, considerable data have been reported concerning 
tlUToid function and carotene metabolism Von Noorden (1) m 1907 was 
the first to suggest that a caioteneniia ma}’' be associated wath certam 
metabolic disturbances Kunde (2) noted the appearance of xeroph- 
thalmia in rabbits i\liich had been tluTOidectomized for 8 to 12 months 
Fasold and Heidcmann (3) rcpoi ted that thyroidectomy in goats decreased 
the \atamm A content of the milk and increased the carotene content 
That the th5Toid is ncccssarj'' for the conversion of carotene to vitamm A 
IS maintained by Wendt (4), who noted that patients with Graves’ disease 
had low serum ^ itamin A, even though their carotene intake was suffi- 
cient to produce a normal ^'alue The subject has been reviewed rather 
completely by Drill (5) in 1943 

Recently, Canadell and '^''aldecasas (6) repoi ted that carotene was unable 
to relieve the oculai symptoms of a vitamin A deficiency in a thiouracil- 
treated animal However, these sjonptoms were alleviated if thyroid 
powder was administered along with carotene Drill and Truant (7), 
using thyroidectomized animals, could not prevent or alleviate ocular 
symptoms by injecting 10 7 of carotene per day To study the effect of 
the thyroid on carotenoid metabohsm, Johnson and Baumann (8) used 
thiourea- and thiouracil-treated rats and found that after admimstermg 
carotene very little vitamin A was stored m the liver and that thyroxme 
restored the ability of these animals to convert carotene to vitamm A 
However, Remington el al (9) reported that an oral dose of 0 6 7 of caro- 
tene per day was able to bring about a cure of the eye symptoms of vitamm 
•^■deficient thyroidectomized rats ivithm 7 to 9 days 

In a preliminary report by the authors (10) no significant effect of thy- 
roxine on the conversion of carotene to vitamin A could be established 
This was showm by admmistermg carotene to thiouracil-treated vitamm A- 

* These data are from a thesis presented by Catherine E Wiese to the Graduate 
School of the University of Southern California in partial fulfilment of the reqmre- 
ments for the degree of Master of Science 

Aided by a grant from the Nutrition Foundation 
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Table I 

Summary of Dtoassays on Vitamin A~Dcfictenl Rata Receiving Vitamin A in 
Cottonseed Oil or Cottonseed Oil Alone {Negative Controls) on Normal 
Vitamin A-Dejicieni Diet or on One Containing Thiouractl 
The average results on males and females are weighted equally When animals 
died during the course of the e\periments, the number of animals still ali\e nhich are 
included in the average is given in parentheses 




No of 
rats 

Depletion period 

Assay period 

Group 

No 

Vita 
min A 



Average weight 
at start 

s 

•a 

§ 

Average increase in body weight up 
to (days) 

"3 

O 


day 

Male 

Female 

S 

«4 e 

< 

Average 

weight 

Sth 

10th 

ISth 

20th 

25th 

28th 

gSf 
> P 
< 


/ U 

1 1 25 4 

2 2 50 3 

3 10 0 4 

4 0 0 4 


gm 

8 42 3 

9 43 1 

8 42 8 

9 41 1 


Regular vitamin A depletion diet 



cm 

gm 

gm 

20 3 

30 1 
(11) 

31 6 

41 2 

46 8 

50 5 

55 7 

66 3 

70 6 

(11) 

(11) 


-15 8 

-21 3 

-24 

(6) 

(3) 

(1) 



Vitamin A depletion diet containing 0 5% thiouracil 
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Mtamin A fomied from cjiiotcnc The following expeiiment was designed 
to demonstntc the lowest lc\el of carotene and vitamin A which would 
support growth in a Ihiouraril-trcatcd animal and the level which would 
gi\ e ma\imum grow th 


TAnir II 

Summary of litoa^says on Vitamin A-Drficxcnt Rats Receiving /3 Carotene in 
Cottonseed Oil or Cottonseed Oil Hone (iVcgativc Controls) on Normal 
Vitamin A-Dcficirnt Diet or on One Containing Thtouracil 


The a\crngc results on ninles and females arc weighted equally When animals 
died during the course of the experiments, the number of animals still alive w hich are 
included in the axerage is gixen in parentheses 




No of 
rata 

Depletion period 



Assaj period 


















Thyroid 

Group 

Iso 

Caro- 




e 

3 

•o 

ti 








mm 

weight 

tene 

per 



J? 

O rl 

fi 

G 

ta ^ 
&•£ 

A\cra;je Increase In body weight up to 
(days) 


per 

100 gm. 

body 

weight 



*5 

1 

it 

cr 

Co 

C 2 

0^ 

su. 

loth 

15lh 

2Dlb 

25 th 

28th 

weight 

Regular vitamin A-deficient diet 


T 



trr 

days 

[m 

gm 

tm 


[m 

gm 

|m 

xm 

mg 

12 

0 6 

8 

3 

43 6 

21 4 


1 7 

7 5 

14 2 

22 8 

29 1 

29 5 

Eo3D 













(10) 
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C 

6 

44 1 

21 3 

82 8 

G 5 

18 6 

29 8 

43 4 

62 3 

55 7 

138 3 


14 


3 

0 

45 G 

22 7 

86 9 

-1 G 

Bigtl 

-6 1 

-6 6 

-13 8 


88 7 

17 5 










(7) 

(5) 

(4) 

(3) 




Vitamin A depletion diet containing 0 5% thiouracil 


15 

0 6 

1 

0 

5 

42 6 



-1 2 

1 

-2 6 

-3 9 
(8) 

-3 9 
(7) 

-4 7 
(7) 

-4 1 
(7) 

64 6, 

! 

98 5 

mm 


6 

4 

42 8 


G8 1 

Bilg 

1 6 

2 2 


4 6 


73 1 


17 


0 

3 

43 1 

21 7 

b 9 

! 1 8 


3 0 

3 8 

5 7 

' 6 4 

75 3 


18 

0 0 

4 

6 

42 1 

21 6 


-2 5 

-5 0 

-7 3 
(7) 

-3 6 
(5) 

-7 2 

1 (5) 

-11 6 
! (5) 

' 53 6 

92 3 


Procedure and Remdts 

Animals from our stock colony for use m the vitamm A bioassay were 
weaned and depleted of vitamm A accordmg to the method prescribed m 
the United States Pharmacopoeia XII Hypothyroid symptoms were pro- 
duced in part of the group by the admimstration of 0 5 per cent thioura- 
cih m their diet from weaning Thiouracil was contmued m their diet 

‘ We wash to thank the Lederle Laboratories Division, American Cyanamid Com 
Pany, Pearl River, New York, for their gift of thiouracil used in this evpenment 
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until the expel iment was terminated Animals iiere supplemented daily 
with levels of 0 5, 1 0, and 2 0 7 of carotene- dissolved 111 cottonseed oil or 
levels of 0 /5, 1 25, 2 5, 5 0, 10 0, and 20 0 i u of vitamm A acetate^ dis- ' 
solved in cottonseed oil Aftei 28 days on the assay, the vitamm A sup- 
plement in the group of thiouracd-tieated lats lecemng 20 i u daily was 
inci eased to 200 i u daily for anothei 28 days, those on 5 0 i u veie con- 
tmued as sucli foi a second 28 day period, and tliose leceivmg 2 5 lu 
weie injected daily with 65 7 of thyroxine pei 100 gm of body weight 
duiing a second 28 day interval The thjuoid glands of each rat were 
lemoved and weighed when the assay teiminated The data obtained m 

Table III 

Swnmary of Btoassays on T itamin A-Deficicnt Rats Previously on 28 Day 
Bioassay Test, Receiving Yitamtn A in Cottonseed Oil and {Group 7a) 

Also Thyroxine 

The vitamin A depletion diet in the previous and current tests contains 0 0 
per cent thiouracil 

The average results 011 males and females are weighted equally When animals 
died during the course of the experiments, the number of animals still alive which are 
included m the average is given in parentheses 


Group 

No 

Vitamm A dose 
per day 

a 

d <4 

No of 
rats 

Aver- 

age 

start- 

ing 

weight 



Assay period 



Thyroid 

weight 

Fust 

penod 

Present 

test 

i/V 

p 41 

2 ? 

V 

*?5 

Average increase in body weight up to 
(days) 

Aver- 

weight 

i 


^12 

eS 


1 

Sth 


15th 


2Sth 

2Sth 


IV 

IV 

1 7 



sm 

gm 

gvt j 

gm 

gm 

gm 

gm 

1 

, gm 

mg 

7a 

2 50 


1 6 6 

7 

4 

81 5 

8 5 

17 5 

28 5 ' 

41 5 

51 4 

55 1 

136 6 

19 8 

8a 

5 00 

|H 

0 0 

7 

7 

i 

1 

77 2 




1 6 
(12) 

2 8 
(12) 


77 9 

119 6 

10a 

20 0 

mui 

0 0 

6 

7 

79 2 

-2 3 

i 1 5 
(12) 

2 9 
(11) 

4 4 
(11) 



89 4 



the giowth tests are lecoided m Tables I to III The weight gains are 
plotted against the logarithm of the dose of vitamin A 01 carotene m 
Fig 1 


DISCUSSION 

The mteipietation of the groivth response to vitamm A or carotene is 
complicated by the effect of hypothyioidism on the growth of immature 
rats The thiouiacil -treated animals weigh less at the end of the depletion 

■ Crystalline carotene was obtained from General Biochemicals, Inc , Chagrin 

Palls, Ohio -.T V 1 

> Obtained from Distillation Products, Inc , Rochester, Isew xorK 
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period linn normal nnnvils, md tonHiquenlly lo^e 10 “;^ woirIU. during the 
iioiiod when nol leieiniig vil innn \ lakcwisc, when (hc^e (hiouia- 
cil-lrcnled ininnls no jiiondcd with in optimum supplement of Mtnmm 
V, their imvimum gim m wemht is le«s (Inn that of noimil animals 
The puns m weiphl of immature noimal and hapothvioid lats cannot, 
therefore, he made the diicit basis foi a compaiison of the effect of ntamm 
A m (he (wo groups lloweiei, theio ma\ he some justification foi com- 
paring the amounfs of nt imin V icquned to pioduce maximum giowth in 
the two groups V pi iphic compuison has been attempted m Fig ], A 
It will be endent (hat 2 1 i 1 j of vitamin A pei da}' produce neaily maxi- 



Fig 1 TJic giuii in w eight of rata in gm over a 28 day bioassay plotted against the 
tog dose of Vitamin A in international units (A) and against the log dose of /3-carotene 
>n micrograms (B) for normal rifs (solid line) and for hypothyroid rats (dash line) 

mum grow'th in both groups The amount of mtamin A required to pro- 
duce half of the maximum growth is close to 1 i u m both cases There 
’s a consideiable uncertainty, of couise, m the value to be taken for the 
■"^eight loss of animals leceiving no vitamin A smee a consideiable number 
of these control animals die duiing the assay period Neveitheless, it is 
difficult to airive at any conclusion other than that vitamm A is about as 
effectively used foi grow th m the tluouracil-tieated animal as m the normal 
animal, provided that the limitations imposed by hj^pothyroidism are 
considered If the suggestion of Johnson and Baumann (8) legardmg the 
importance of the size of the annual wnth respect to the retention of vita- 
min A IS accepted, it may be aigued that the utilization of vitamm A is less 
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effective in the thiouracil-treated animals Since the thiouracil-treated 
animals weigh only about half as much as the normal annuals at the end of 
the assay period, they would be expected to require only half as much vita- 
min A for maximum growth This is clearly not the case 

The results of the experiments with carotene supplements are similar 
to those obtamed inth vitamm A As indicated m Fig 1, B, half of the 
maximum grow th is obtamed inth a supplement of approximately 0 5 
r of ^-carotene m both normal and thiouracil-treated animals The rela- 
tive effectiveness of vitamin A and /3-carotene in promoting the groivth of 
thiouracil-treated rats does not differ materially from that found m normal 
rats In both cases, 0 4 to 0 6 y of /3-carotene produces the same weight 
response as 1 i tr of vitamin A Although it is impossible to conclude 
that the thiouracil-treated anunals were entirely deficient m thyroid hor- 
mone, their limited growth and the degree of thyroid hypertrophy prove 
that they are severely h 3 Tioth 3 Toid The th 3 T‘oid hormone cannot be 
essential for the conversion of carotene to vitamm A, or it must be effective 
in very small amounts Furthermore, if the thyroid hormone is concerned 
in the conversion of carotene to vitamm A, this process is not seriously im- 
paired m severely hypothyroid rats 

The fact that groivth of the thiouracil-treated rats is limited by the lack 
of thyroid hormone directly is demonstrated by two observations In the 
first place, animals given a supplement of 200 i u of vitamm A per day 
durmg a second 28 day period comparable to the assay period, with thioura- 
cil feedmg, did not gam significantly more than anunals continued on a 
supplement of 5 i tr On the other hand, when the animals receivmg a 
daily supplement of 2 5 i u of vitamm A and thiouracil m the diet were 
continued on the same regimen for a second 28 day penod, but vuth 6 5 t 
of thyroxine per 100 gm of body weight daily (Group 7a), the average 
weight gam was 55 1 gm This may be compared wuth the weight gam of 
50 5 gm for the normal ammals supplemented wuth 2 5 i u of vitamm A 


during the regular assay period 

Although the vitamin A required for growth does not seem to be altered 
m the thiouiacil-treated animals, the survival time of the negative control 
groups was considerably prolonged in the thiouracil-treated animals Id 
the group used m the vitamin A tests (Table I), the average survival time 
of the negative control animals receiving no thiouracil was 18 1 days, 
while that of the negative controls receivmg thiouracil was 25 7 days 
These values represent minimum differences, since a survival time of 28 
days IS assigned to those rats still alive at the end of the test Only one 
(8 per cent) of the rats m the negative control group survived the 28 day 
npriod while ten (67 per cent) of the rats receiving thiouracil m addition 
to the’ vitamm A-free diet w^ere still ahve after 28 days The differences 
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nrc similnr buf Ir"'*' ‘^(nk.iug in the iiegatuc coutiolb used in the carotene 
scries 

This same general conclusion m.ij be ariivcd at bj’’ considering the de- 
^elopmcnt of \croplitlnlniia E^c s3'mptoms developed in 100 per cent 
of the control group nhich did not rccenc thiouracil, while ej’'e symptoms 
were ob‘^r\ cd in GO per cent of the thiouracil-tieatcd contiol group These 
results, together with tho'^e on sur\ival, might indicate that the small 
stores of \ itaniin V remaining at the end of the depletion period aie utilized 
more slowlj' in the thiouracil-ticated rat Such an increased efficiency in 
utilization of vitamin A is not indicated in the growth expeiiments The 
comer'll of this situation has been icported bj'' ErshofT and Deuel (11), who 
found that the survnal time of vitamin A-deficient rats w'as markedly 
shortened when a preparation of growth hormone was injected Since 
these latter animals did not grow, being deficient in vitamin A, the stress 
which resulted m shorter sunaval times cannot be growdh per se It would 
seem that the increased demand for vitamin A must be due to a different 
factor from the requirement for grow th in either case 
It is difficult to reconcile these results wath those of Johnson and Bau- 
mann (8) on Iner storage, and the}’’ would be in better agreement wath the 
result previously obtained in this laboratory (10) However, more recent 
experiments in this laboratorj' have suggested that thiouracil treatmen 
does decrease the amount of vitamin A stored m the liver of rats as the 
result of feeding carotene If Johnson and Baumann are coriect, then it 
would be necessaiy to conclude that the determination of the amount o 
vitamin A stored m the liver after feeding lelatively large amounts of caro- 
tene IS a more sensitive test of the ability to convert carotene to vitamm A 
than a bioassaj’’ piocedure as applied in this case 

SUMMAR\ 

1 Animals rendered hypothyroid by the inclusion of thiouracil m the 
diet responded to vitamin A and carotene administration by increased 
grow’th and by alle\uation of the ocular sj'mptoms 

2 Although the extent of maximum giowth after vitamm A or carotene 
feeding is markedly depressed by hypothyroidism, the point of 50 per cent 
response was unaltered either wnth the vitamin A or carotene feeing 
This was approximately 1 1 xi for vitamm A and 0 50 7 for carotene ese 
data indicate that carotene and vitamm A aie about equa y we u i ize 
by hypothyroid lats at low levels of vitamm A oi carotene 

3 When the rate of growdh is limited by thiouracil feeding, it can be 
restored to normal by thyroxine but not by large doses o vitamm 

4 Survival time of rats on a vitamin A-deficient diet is muc pro onge 
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when the animals aie lendeied hypoth 3 noid by thiouiacil feeding This 
might indicate that the stored ntamin A is used up at a slower late under 
such conditions and hence maj’^ be available ovei a considerabty longer 
period or that the factors on which the lequiiement foi ■vntamin A is based 
differ in respect to growth and survival 
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EXCRETION OF VMIXO VOIDS BY RATS AND MICE FED 
rilOTEINS OF DIl'FERENT BIOLOGIC^VL ViVLUES* 

lU n J ^VLliLULlCH, ] L PI AUCL, kM) C A BAUiMANN 

(r rom llir Department of JSioclicintstnj, College of IgnculCurc, 

Dnncr'sitii of II tecoiixiu, ^^a(hso7t) 

(l{((oi\pfl for jiiiblicntioii, \pnl 1, 1918) 

In a prev loub htud}- it was obbet\ed that mice fed diets devoid of certam 
essential ammo atids cvcrctcd \ci3" liigh peicentages of all the ingested 
ammo acids into the mine and that moie amino acids weie excieted Avhen a 
lelatnelj poor pi of cm such .is aiachin was fed than when the dietaiy 
protein was ciscin (1) In the picsent study the piotems fed weie known 
to be of higher biologic<il value for the rat than is casern (2) Furthermore, 
a prelimmarj' attempt was made to deteimme whether the excietion of 
ammo acids by the rat depends upon the quality of protem ingested 

^^el}lods 

In the fiist senes, weanling mice aveiagmg 13 3 gm in weight were 
divided into five comparable gioups of foui each and wnre fed diets of the 
following composition 


per cent 


Protem 

S 

Corn oil (+01% halibut liver oil) 

5 

Wesson’s salt mixture (3) 

4 

Glucose monohydrato (ccrcloso) to 

100 

7 ptr gm 

PyndoMiie hydrochloride 

6 

Thiamine chloride 

6 

Nicotinic acid 

10 

Calcium pantothenate 

20 

Riboflavin 

6 

Biotin 

0 5 

p-Aminobenroic acid 

300 

Inositol 

500 

Choline chloride 

1000 


Id the second senes the peicentage of dietaiy piotein wns mcreased to 
10 per cent The piotems fed in both series mcluded casern, egg albumm, 

* Published iiith the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station Supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumni Research Foundation and the 
American Cancer Society 
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AMINO ACIDS IN URINE 


lactalbumm, fibrin, and arachm The vaiious piotems weie an--dried 
before incorporation into the diet fed Samples of these proteins were 
hydrolyzed (1) and analyzed for their amino acid composition by the same 
methods that were used for the determmation of the ammo acids in the 
urine The composition of the piotems fed is summarized m Table I 
The composition of the oxidized casein has been reported previously (1) 

In both series each mouse received 1 diop of halibut liver oil every 2 
weeks The experiments were conducted for 7 weeks, urine from groups 
of four mice was collected under toluene for 48 hours at weekly mtervals 

Table I 


Amino Acids in Proteins Fed 

The results are expressed m gm of amino acid liberated per 100 gm of air-dried 
protein 


Ammo aod 

bmnm 

Fibtm 

Arachm 

Casein 

albumin 

Zein 

Arginine 

3 3 

6 8 

11 0 

3 7 

5 3 

2 0 

Aspartic acid 

10 3 

16 6 

14 0 

7 3 

8 4 

6 6 

Cystine 

2 5 

1 8 

0 9 

0 45 

3 9 

1 1 

Glycine 

2 9 

4 9 

3 2 

1 8 

3 0 

0 4 

Glutamic acid 

14 1 

13 0 

21 6 

21 6 

9 5 

27 0 

Histidine 

2 1 

2 5 

2 6 

3 0 

2 5 

1 7 

Isoleuoine 

7 8 

7 6 

6 6 

7 1 

6 9 

7 3 

Leucine 

11 3 

6 7 

6 9 

10 6 

7 1 

23 7 

Lysine 

7 1 

6 8 

1 8 

7 7 

5 7 

0 0 

Methionine 

2 4 

2 6 

1 1 

3 1 

3 0 

2 2 

Ehenylalanine 

3 4 

3 8 

5 5 

5 1 

4 9 

7 4 

srroline 

3 4 

4 6 

6 0 

13 1 

7 1 

15 0 

Serine 

6 8 

11 2 

9 9 

7 0 

8 3 

8 3 

Threonine 

4 0 

5 9 

2 6 

4 6 

4 1 

2 4 

Tryptophan 

2 2 

3 6 

0 69 

1 4 

1 4 

Trace 

Tyrosine 

3 1 

4 6 

4 5 

6 4 

3 8 

6 0 

Valine 

4 7 

3 7 

3 9 

6 3 

3 6 

2 4 


for three weeks and twice more thereafter The samples were filtered 
adjusted to pH 6 8, diluted to an equivalent of 25 ml per mouse per day, 
and stored m the refrigerator under toluene for the microbiological de- 
termination of sixteen ammo acids by the methods previously described 
(4) In addition glycine was determined mth Lcuconosloc mesenteroides 
P-60 with Medium III (4) 

The rats were of the Sprague-Dawley stram and weighed 95 to 105 gm 
They were fed diets of the following composition 

per cent 
12 

Protein . . S 

Com oil (-b 0 1 % halibut liver oil) 
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# per cent 

Wesson’s Bill nmturc ('?) 4 

Glucose monohj (Irate (ccrclocp) to 100 

7 per sm 

PjncloMno IijdrocIiIorKlo 6 

Thiamine chloride G 

Kicolinic acid 10 

Calcium panlothcriatc 20 

HiboflaMn 6 

Biotin 0 5 

Folio acid 0 5 

p-.i\minobcnzoic acid 300 

Inositol 500 

Choline chloride 1000 

L-Ci Stine 1000 


The proteins fed were ordinarj’’ casein or oudized casein (5) with sup- 
plements in special groujis of 0 4 per cent DL-trjTitophan or 0 8 per cent 
DL-methionine or both The rats wcie maintained on these diets for 4 
weeks In a second series adult lats averaging 200 gm m weight were 
maintained on similar diets foi 7 weeks After 21 days on the diets the 
rats w'ere placed in metabolism cages, singly or in pairs, and the urine was 
collected under toluene foi 1 oi more daj’^s The samples were then fil- 
tered, adjusted to pH G 8, and diluted wth water to an equivalent of ap- 
proximatel}'' 75 ml per rat per day The diluted samples w'ere then stored 
m the refrigerator undei toluene foi the mici obiological determmation 
(4) of five representative ammo acids glutamic acid, lustidine, lysine, 
phenylalanine, and valine Aliquots of the urine samples w^ere hydrolyzed 
With 2 N HCl in the autoclave for 6 hours at 15 pounds pressure The 
samples were then neutralized with NaOH, made to volume, filtered, and 
stored in the refrigerator under toluene 

EXPERIMENTAL 

Amtno Acid Excrehon by Mice Fed Various Proteins — The mice fed the 
various proteins at 8 per cent of the diet grew at rates that varied with the 
nature of the protein fed Growth was poorest when the protein was 
arachin, on which the gams m wmight averaged only 0 6 gm m 4 weeks 
m the series fed 8 pei cent of piotem (Table II) as contrasted wuth an 
average gam of 6 7 gm during this time w^hen casein was fed Egg al- 
bumin, lactalbumm, and fibrin promoted better groivth than casern, wuth 
gams of 7 6 to 10 0 gm m 4 weeks (Table II) Similar dijBferences between 
protems were noted when the diet contained 10 per cent of protein 

The amounts of the ammo acids mgested and excreted on a typical 
collection date, the 14th day of the first series, are presented m Tables III 
and rv A summary of the mean percentages of the mgested ammo acids 
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CAcreted during the entiie expeimiental peiiod is jiiesented in Table V 
No attempt is made to piesent all of the results of the many analyses 
completed In geneial, howevei, the percentages of the various ammo 


Table II 


Effect of Vanous Proletm at 8 Per Cent Levels upon Growth of Young Mtce 


Diet 

0 wk 

1 

Araohin 

£M 

13 8 

Casein 

13 2 

Egg albumin 

13 2 

Fibrin 

13 4 

Lactalbuimn 

13 2 


Avcrase weight per mouse (4 mice per group) 


1 wk 

2 wks 

3 wks 

4 nrks 

gm 

gm 

gm 

gm 


14 4 

14 1 

14 4 


16 8 

18 2 

19 9 


17 8 

18 5 


13 0 

17 2 

19 0 

23 2 

16 2 

20 1 

20 5 

23 2 


Table III 


Mtcrobtologtcally Available “Free" Ammo Acids in Urine of Mice Fed 8 Per Cent 
Casein or Egg Albumin Diet for H Days 


Ammo ocid 

1 Ordinaiy casein 

Egg albumin 

Ammo 

acid 

ingested 

Ammo 

aad 

excreted 

Ingested 

ammo 

acid 

exacted 

Ammo 

ead 

ingested 

Ammo 

aad 

excreted 

Ingested 

ammo 

acid 

exacted 


mg 

Ptg 

fer cent 

mg 

mg 

fer cent 

Arginine 

8 91 

0 60 

6 7 

10 78 

0 25 

2 3 

Aspartic acid 

17 60 

0 27 

1 6 

17 09 

0 03 

0 2 

Blutamic " 

61 77 

I 13 

2 2 

19 30 

0 45 

2 3 

Histidine 

7 23 

0 32 

4 4 

5 08 

0 05 

1 0 

Isoleucine 

20 69 

0 61 

2 9 

14 02 

0 21 

I 5 

Leucine 

26 28 

1 13 

4 6 

14 43 

0 28 

1 9 

Lysine 

16 12 

0 58 

3 6 

11 68 

0 13 

1 1 

Methionine 

7 47 

0 17 

2 3 

6 10 

0 12 

2 0 

Phenylalamne 

11 56 

0 34 

2 9 

9 96 

0 11 

1 1 

Proline 

38 25 

2 75 

7 2 

14 43 

0 40 

2 8 

Serine 

19 00 

0 40 

2 1 

16 85 

0 17 

1 0 

Threonine 

11 08 

0 38 

3 4 

8 33 

0 20 

2 4 

Tryptophan 

3 37 

0 09 

2 7 

2 85 

0 03 

1 1 

Tyrosine 

12 52 

0 43 

3 4 

7 72 

0 12 

1 6 

Valine 

14 37 

0 69 

4 8 

7 32 

0 30 

4 1 

Mean for all acids determined 

3 4 1 j 

1 6 


acids excieted on any particular protein were very similar whethei the 
level of protem in the diet was 8 per cent or 10 per cent On any given 
protem, the variations between the percentage excretion of a single ammo 
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acid on difTcrcnt day, during the expeiimcnf were fiequenti}' gieatci than 
the \ irnlions Iietwccii (he percentages of excietion for different ammo 
acids on any one d ly Tlius, the percentages of ti-jT)tophan excreted by 
mice fed S per tent of casein wcie 3 2 7, 2 1, 3 8, and 4 8 at 7, 14, 20, 24, 

ind 40 dajs, rcspcctnelj Bj' way of contiast, the percentages of nme 
different amino icids excreted on tins diet on tlie 14th day of the ex^periment 
lay between tlie comparatnely naiiow range of 2 1 and 3 G per cent (Table 
III) 


Tabl) IV 

Mtcrohwlogicalhj \inilablc “1 rcc" Atnino Acids tn Urine of Mice Fed S Per Cent 
Fibrin or Lactalbunnn Diet for 14 Days 


Ammo aci I j 

1 

1 

1 

Ami 
1 act 
inKC; 

I«acUlbumii 

1 


1 Fibrin 

\ 

ino 

d 

ited 

Ammo 

acul 

excreted 

Ingested 
ammo 
aod ' 
excreted 

Ammo 

ncid 

ingested 

Ammo 

acid 

excreted 

Ingested 

ammo 

acid 

excreted 


mg 

me 

ptr cent 

tng 

mg 

per eeiil 

Arginine 

8 

83 

0 

27 

3 

1 

24 

79 

0 

33 

1 

3 

Aspartic acid 

27 

41 

0 

12 

0 

4 

56 

60 

0 

75 

1 

3 

Glutamic " 

37 

G8 

0 

52 

1 1 

4 

47 

42 

1 

07 

2 

3 

Histidine 

5 

G1 

0 

05 

0 

9 

9 

12 

0 

29 

3 

2 

Isolcucinc 

20 

84 

0 

28 

1 

3 

27 

69 

0 

75 

2 

7 

Leucine 

30 

19 

0 

37 

1 

2 

24 

44 

0 

73 

3 

0 

Lysine 

18 

97 

0 

19 

1 

0 

24 

80 

0 

71 

2 

9 

Methionine 

G 

41 

0 

11 

1 

7 

11 

86 

0 

29 

2 

4 

Phenylalanine 

9 

08 

0 

13 

I 

4 

13 

83 

0 

38 

2 

7 

Prolinc 

9 

08 

0 

50 

5 

5 

16 

77 

0 

61 

I 3 

6 

Serine 

18 

18 

0 

28 

1 

5 

32 

53 

0 

31 

1 

0 

Threonine 

10 

69 

0 

22 

2 

1 

21 

52 

0 

71 

3 

3 

Tryptophan 

5 

88 

0 

05 

0 

9 







Tyrosine 

8 

28 

0 

15 

1 

S 

16 

SO 

0 

13 

0 

8 

Valino 

1 

' 12 

1 

54 

0 

1 

30 

2 

1 

4 

13 

47 

0 

73 

5 

4 

Mean for all acids determined j 

1 

1 

4 



2 7 


The results indicated cleaily, howevei, that the excietion of ammo acids 
throughout the experiment w^as least on lactalbumin and egg albiunin, in- 
termediate on fibrin and casern, and highest on aiachin The mean pei- 
centages of excietion foi all of the amino acids weie 4 7, 3 4, 2 7, 1 5, and 
1 0 on aiachin, casein, fibim, egg albumin, and lactalbumin, respectively 
(Table V) In other words, those piotems w'hich piomoted the most 
rapid late of giowth in the mouse weie metabolized wnth the least losses 
of microbiologically available amino acids m the urme, the losses were 
significantly less on lactalbumin, egg albumin, and fibi in than on even such 
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a relatively good protein as casein Arachin, on the other hand, enabled 
the mice to grow rather poorly and the excretion of amino acids when this 
protein was fed was significantly gi eater than that on the better proteins 
Wlien the better protems were fed, no significant changes in the excretion 
of ammo acids were noted as the experiment was prolonged, on aiachin, 
however, the ammo acid excretion increased after the 3rd week 


Table V 

Excretion of Mtcrobiologically Available "Free" Ammo Acids tn Urine of Mice Fed 
Various Proteins in Diet at Level of 8 Per Cent* 


Ammo ncid 

Mean excretion of ingested amino aads 

Arachin 

Casfin 

Fibrm 

albumm 

I*actal 

bumin 


Per cent 

per cent 

fiet cent 

ter cent 

per cent 

Arginine 

4 7 

2 4 

1 3 

2 0 

2 7 

Aspartic acid 

1 9 

1 6 

1 3 

0 2 

0 2 

Cystine 

17 4 

26 0 

3 4 

1 9 

3 8 

Glycine 

11 5 

14 0 

7 6 

8 0 

6 2 

Glutamic acid 

1 5 

2 2 

2 3 

1 9 

1 4 

Histidine 

5 0 

4 4 

3 2 

1 0 

0 9 

Isoleuoine 

4 7 

2 9 

1 5 

0 9 

0 8 

Leucine 

3 3 

3 7 

3 0 

1 6 

0 7 

Lysine 

4 5 

3 6 

2 9 

0 6 

1 0 8 

Methionine 

4 1 

2 5 


1 5 

1 7 

Phenylalanine 

2 6 

2 9 


0 8 

0 7 

Proline 

8 6 

7 2 


2 1 

5 0 

Serine 

1 5 

2 1 

mmm 

I 2 

1 5 

Threonine 

6 0 

3 8 

WSm 

2 4 

1 5 

Tryptophan 


3 4 

0 s 

1 1 

0 7 

Tyrosine 

mm 

3 6 

0 4 

0 8 

0 7 

i^'afine 


4 8 

0 8 

3 4 

1 0 

Mean for all acids determined 

Dl 

3 4 

Bi 

m 

1 0 


* Average of five deternunations on samples collected at intervals over a 40 day 
feeding period 


Amino Acid Excretion hj Eats Fed Deficient Proteins — ^Rats fed oxidized 
casein as the sole souice of ammo acids or the oxidized casein supplemented 
•with either tryptophan or methionine lost about 10 gm per week through- 
out the experiment (Table VI), whereas those fed the oxidized casern sup- 
plemented TOth both tryptophan and methionme lost weight at a rate of 
0 5 gm 'per week for 4 weeks, as compared to a gam m weight of 10 2 gm 
per week when ordinary casern was fed In Ime with the expenence of 
others, wp found that the rats depnved of one or more essential ammo 
acids ate less than those on the relatively complete diets, the average daily 
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food consumption bcinp d G, 4 1, and 4 6 gm during the 4th ■week, as com- 
pared to 8 1 gm on (lie oxidired casein supplemented with tryptophan 


Tabu VI 

Ammo j'lcids rri Untie of Hah Fed DicIh Low in Methionine or Tryptophan 
12 per cent oxidized cnscin or ordinnrj cnscin Bas used 


Ammo aad 


Group I 
oxldiied 
castin 

Gioup n, 
oiidUcd 
casein + 

In-pto 

pnan* 

Group III, 
oiidircd 
castin + 
methio- 
ninef 

Group IV, 
oxidized 
casern 4" 
metbio 
mnet + 
trypto- 
Than* 

Group 

Vt 

regular 

casern, 

cd 

Ubttum 

Group 

regular 

casein, 

restneted 

Mg of ammo acid overoted daily 

Glutamic acid 

■Tree” 

6 S9 

4 31 

8 16 

6 72 

1 

54 

0 37 


Total 

7 97 

6 03 

9 97 

7 91 

3 


1 04 

Histidine 

‘Tree” 

0 72 

0 75 

1 00 

0 98 


63 

0 08 


Total 

0 90 

1 56 

1 06 

1 21 


75 

0 12 

Lj-sinQ 

"Free” 

1 12 

1 26 

1 66 

0 45 

1 

17 

0 24 


Total 

2 17 

2 01 

2 24 

1 76 

1 

93 

0 28 

Phenylalanine 

"Free” 

1 29 

1 23 

1 25 

1 53 

1 

m 

0 10 


Total 

1 45 

1 27 

1 33 

1 71 

1 

fm 

0 13 

Valine 

"Free” 

1 42 

1 40 

1 31 

2 35 

1 

17 

0 28 


Total 

3 55 

3 59 

2 70 

4 41 

3 

51 

0 68 


% of ingested ammo acids excreted 


Glutamic acid 

“Free” 

4 89 

4 01 

6 75 

3 05 


0 24 


Total 

6 62 

5 62 

8 24 

3 59 

1 25 


Histidine 

“Free” 

5 44 

6 35 

7 58 

4 10 

1 84 

Big 


Total 

6 82 

13 28 

8 01 

5 02 

2 19 

0 55 

Lysine 

“Free” 

2 73 

3 44 

3 76 

0 59 

1 34 

0 44 


Total 

5 27 

5 50 

5 40 

2 31 

2 22 

0 51 

Phenylalanine 

“Free” 

4 69 

5 02 

4 54 

3 04 

1 85 

0 29 


Total 

5 28 

5 28 

4 80 

3 42 

1 85 

0 36 

Valine 

“Free” 

4 11 

4 56 

3 76 

3 72 

1 61 

0 62 


Total 

10 29 

11 70 

7 77 

6 98 

4 85 

1 50 

Food eaten daily (average 

5 8 

6 3 

6 2 

7 5 

11 9 

6 2 

throughout experiment) , 







gm 








Average gains in weight per 

-9 7 


-10 2 



-2 0 

wk ,grn 








— 









*04 per cent DL-tryptophan added to the diet 
t 0 8 per cent DL-methiomne added to the diet 


and methiomne and 9 6 gm on ordinary casein Rats fed the diet con- 
taining ordinary casein, but restricted to the amount consumed by the rats 
depiTved of methionine, lost 2 0 gm per w'eek for 4 w eeks 
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The e\cietion of ammo acids b3’’ the lats, as indicated the amounts of 
glutamic acid, histidine, lysme, phen3dalamnc, and valine in the mine, 
depended both upon the amount and the quality of the piotem fed In 
spite of then relatively low mtakes of food, the lats fed the deficient pro 
terns (Table 'tT, Gioups I, II, and III) usually evcieted at least as much 
ammo acid as those fed the more complete pioteins (Table ^T, Gioups B 
and V) The amounts of the ammo acids excieted veie usually less when 
ordinal y casein was fed than on a diet of oxidized casern supplemented with 
tr3q)tophan and methionme, and this diffeience became even more evident 
when the excretion of ammo acids was expressed as the percentage of in- 
gested ammo acids appearing in the urme (Table VI) Presumabl3, 
therefore, the mixture of oxidized casein plus methionme and tryptophan 
was still somewhat inadequate ns a source of piotem for the rat Since 
the excretion of "free” or microbiologically available lysme was particularly 
low on tins diet (Table ^T), it is possible that lysine may have been the 
limiting ammo acid m the mixture fed 

Wlien the food intake of the rats on oidmaiy casein was restricted (Table 
VI, Group VI) to that consumed by Group II fed the diet deficient m 
methionme, the excretion of "free” ammo acids fell to I’^eiy low levels, a 
mean of 0 5 per cent of the ammo acids mgested (0 24 to 0 62 per cent) as 
compared to 5 5 per cent (4 0 to 13 28 per cent) 63’^ lats on the deficient 
diet, and 1 61 per cent (0 62 to 1 85 per cent) on ordmaiy casern fed ad 
hhttum (Table Gioups VI, II, and V) Thus the rats on the deficient 
diets excreted about 10 times as much of the ingested ammo acids in the 
“free” fonn as rats fed comparable amounts of a diet containing an ade- 
quate piotem 

Determinations of the ammo acids m h3'-drolyzed mine indicated that 
the effects of the various diets upon the excretion of total amino acids 
("free” acids plus peptides) were very similar to then effects upon tlic 
excretion of the free acids, the highest percentages of ingested ammo acids 
excieted weie observed on the diets containing the incomplete pioteins, 
an intermediate percentage was observed on ordinary casein, whereas the 
excretion of ammo acids was par ticularly low n hen the latter diet was fed 
m the limited amounts consumed by the gi oups fed the deficient proteins 
The various ammo acids differed somewhat in then distiibution between 
the "free” and the “bound” forms in mine the amounts of phenylalamne 
excieted m the “free” form practically equaled those measuied after 
hydiolysis (Table VI), m other words, little 01 no phenylalanine occurred 
m urine in the “bound” fonn On the other hand, over half of the total 
amount of valme present became miciobioIogicaIl3’’ available only upon 
hydrolysis, whereas the percentages of glutamic acid, histidine, and lysme 
excieted m the “bound” fonn were intermediate between valine and pheny 
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nlaninc In genonl, tlic inLre.i^cs in uniiio icid excietion ob&eiveci when 
deficient proteins were fed moic found m both the "free” and the "bound” 
forms (TsI)Ic VI) Dclonninalions of a-NII»-N m the urine samples by 
the copper method of I'opc and Rf c^ ens (G, 7) tended to confirm the results 
of the microbiological assa 3 s of the individual ammo acids 

mscussioN 

The loM excretion of ammo icids mice fed piotems of high biological 
value suggests th it there is a lough iincise correlation between the giowth- 
slimulating jiower of a protein and the peiccntages of ingested ammo acids 
excreted in the urine Vt low' lex els of dietai}' protein, casein w'as markedly 
inferior to lactalbumm m promoting growth, and higher percentages of all 
ammo acids w ore excreted Indeed m both respects casein was almost as 
inferior to lactalbumm as oxidized casein is to casein itself The results 
suggest that ammo acid excretion by the mouse might provide a fair index 
of the biological value of the protein mixture mgested 

Tlie present exTieriments indicate that the rat resembles the mouse 
quahtativel}' m that it excretes moie ammo acids when the dietaiy pro- 
tein IS deficient in an essential ammo acid than when the protein is bi- 
ologically adequate Sclnveigcrt has reached a sunilar conclusion (8) 
This loss in ammo acids apparentl}' is associated with a negative nitrogen 
balance (9) Quantitatn'clj', however, the urinary losses of ammo acids 
by the deficient lat are less spectacular than the amounts lost by deficient 
mice, such losses bj' mice averaged 24 5 pei cent of the amounts mgested 
m a previous studj' (1) Anothei diffeience between the lat and the mouse 
may be the form m wdiich ex-tra ammo acids are excreted when madequate 
protems are fed the rat appears to excrete the excess acids m both the 
“free” and "bound” form, xvhereas the mouse excretes them largelj' m the 
microbiologically available foim, either as free acids or as peptides that 
are direc% useful to the assay oiganisms For leasons discussed prexi- 
ously (1, 4), however, the distinction between "free” and "bound” ammo 
acids in urine must be regarded as only approximate 

SUMMARY 

1 Mice fed diets containing protein of high biological x'alue excieted less 
‘free” amino acids in the urine than mice fed protems of ordinary or poor 

biological value The mean excretion foi seventeen ammo acids deter- 
mined b}' miciobiological procedures xvas 4 7 per cent for arachm, 3 4 per 
cent for casein, 2 7 per cent for fibrin, 1 5 pei cent for egg albumm, and 
1 0 per cent for lactalbumm 

2 Rats fed restiicted amounts of a diet contammg ordinaiy casern ex- 
creted very low percentages of the ingested ammo acids into the urme 
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3 Rats fed diets containing incomplete protems (oxidized casern plus 
cystine and either tryptophan or methionme) excreted approximately 
twice the percentage of mgested ammo acids mto the urme as those ex- 
cieted by rats fed an adequate protein The mcreased acids excreted were 
m both the “free” and the “bound” forms 
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ACTION OP CARBOXYPEPTIDASE ON PEPTIDE 
DERlVATIVEvS OF l-TRYPTOPHAN* 

Ih LMIL L SMITH 

(r Tom the Laboratori/ for the Study of Hereditary and Metahohe Disorders, and the 
Departments of Ihologieal Chemistry and Medicine, University of Utah 
School of Medicine, Salt Laic City) 

(necci\cd for publication, April 9, 1948) 

It IS obviously desirable to extend our knowledge of the specificity of 
proteol 3 tic enz 3 '^mes to as vide a variety of substances as possible Thus 
far, the carbobenzoxy method of Bergmann and Zervas (1) has not been 
applied to the s 3 'nthesis of com])ounds containing L-tryptophan In fact, 
mth the exception of the carl 3 '’ vork of Abderhalden and Kempe (2), and a 
recent report b3' Fruton (3), S3'’nthetic studies involving tryptophan pep- 
tides have not been rojiorted This papei vail deal vnth the synthesis of a 
number of carbobonzox 3 derivatives of tiyptophan and its peptides, and 
the application of these compounds to the study of the specificity of crys- 
tallme pancreatic carbox- 3 TDeptidase Subsequent mvestigations will be 
concerned vath tissue studies and vnth other enz 3 Tnes 
From previous work (4-G), it is Icnown that pancreatic carboxypeptidase 
can hydrolyze a wide variety of acylated peptides, but the rate of hydrol- 
ysis varies wdely, being governed by the nature of the R groups present 

R' R" 

! • I 

CcHjCH OCO— NHCHCO-r-NHCHCOOH 

The dotted line shows the pomt of cleavage The most sensitive substrates 
for this enz 3 Tne are those containing as the termmal ammo acid L-phenylal- 
amne or i,-tyrosme Since these compounds contam aromatic rings, it was 
of some interest to test the analogous L-tiyptophan compounds Our sub- 
strates were carbobenzoxypeptides of the t3q3e indicated 

Carbobenzoxyglycyl-L-tryptophan (CGT) is lapidly hydrolyzed by car- 
boxypeptidase It IS striking that the hydrolysis of this compound follows 
the kmetics of a zero ordei reaction over a wide range of enz 3 nne concentra- 
tions (Table I), while the hydrolysis of other caibobenzoxyglycylammo 
acids at the same substrate concentration (0 05 m) is first order (4-6) 

Table II shows that other tryptophan-contammg peptides are also hy- 
drolyzed by carboxypeptidase Carbobenzoxy-L-tryptophyl-L-tiyptophan 

* This investigation as supported by a grant from the United States Public 
Health Service 
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and carbobenzoxy-L-tryptophyl-L-iyrosine are spbt quite lapidly Hoi\- 
ever, since these compounds are sparingly soluble at pH 7 5, compaiatne 
lanetic studies could not be performed The hydrolysis of carboben- 
zox3’’-L-tryptophylglycme (CTG) and carbobenzoxy-L-tryptophyl-n-alamne 
(CTA) IS best described as following the kmetics of a zero order reaction 


Tabi/E I 

Kinetics of Carhoxy peptidase Action of Carhohemoxyglycyl-i^-tryptophan 
The experiments were performed m 0 066 m phosphate buffer at pH 7 50 ± 0 05 
A" = per cent hydrolysis per minute, C® = S'® per mg of protein N per cc of test 
solution 


Enzyme 

concentration 

Tune 

Hydrolysis 


C» 

CO, a\ erage 

proitin N per cc 

mm 

per eetti 




0 158 

180 

27 

0 15 

950 



240 

39 

0 16 

1010 



330 

54 

0 16 

1010 



360 

60 

0 17 

1080 

1010 

0 316 

60 

19 

0 32 

1010 



90 

31 

0 34 

1080 



120 

39 

0 33 

1040 



150 

51 

0 34 

1080 



180 

59 

0 33 

1040 


^0 474 

210 

67 

0 32 

1010 

1040 

60 

27 

0 45 

950 



120 

51 

0 43 

910 



180 

75 

0 42 

890 

920 

0 632 

45 

27 

0 60 

950 



60 

35 

0 58 

920 



90 

54 

0 60 

950 



120 

70 

0 58 

920 

935 

0 948 

30 

24 

0 80 

840 



45 

42 

0 93 

980 



60 

53 

0 88 

930 



90 

80 

0 89 

940 

920 

1 264 

15 

18 

1 20 

950 



30 

39 

1 30 

1030 



45 

51 

1 13 

890 



60 

70 

1 17 

930 

970 


The relative rates of hydrolysis foi various substrates maj’’ be compaied 
by then specific proteolytic coefficients, C, which aie defined as the velocity 
constants for an enz 3 Tne concentration of 1 mg of piotem N per cc of test 
solution The coefficients m Table 11 indicate that CTA is hydrolj’’zed 15 t 
tunes more rapidly than CTG It is of interest that the latio for carbo- 
benzoxyglycyl-L-alamne (CGA) and carbobenzoxyglycylglycine (CGG) as 
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coniiHilcd from llio C \ ihicb (fiist oiilci) gi\cn bj Rtabmann, Fniton, and 
Bcigmnnn (G) is 0 038/0 0021 oi 15 8 It may be lecallcd that Bergmann 
and Fniton (5) poslul'ilcd that the iclatne lates of hydrolysis of two sub- 
Etntos MTlli diiTciont B" groups should be tlic same regardless of the nature 

Taiili II 

Action of Carboxy peptidase on Various Substrates 
The solutions were biifTcrcd by 0 OGG m phosphate at pH 7 6 db 0 1 0° la the zero 

order \elocit}’ constant per mg of protein N per ce , wliile Ci is the corresponding 
first order constant 


i 

Subslrafc 

rralein N 
per cc test 
solution 

Time 


C» 

c, 


ms 

krs 

ter cent 



Cnrbobcnzoi:> -r -trj ptoph} Iglycino 

0 316 

0 5 

13 

1 4 

0 0063 



1 0 

27 

1 4 

0 0073 



1 5 

46 

1 6 




2 0 


1 3 


1 

1 

2 5 

61 

1 3 


Carbohenzoxy-L-tryptophyl a- 

0 0316 

0 5 

23 

24 0 

0 120 

alanine j 


1 0 

41 

21 0 

0 120 


1 

1 5 


21 0 i 




2 0 

68 



Carboben7oxy-L-tr3Titophyl-i,- 

0 00054 

0 6 

12 



tyrosine 


1 0 ’ 

* 



Carbobenzoxy-L-tryptophyl-L- 

0 00316 

0 5 

39 



tryptophan 


1 0 

61 





1 6 






1 20 0 

■eSI 



Carbobenzo\y-ij-tryptophyl-L-proline 

0 268 

1 0 

8 


0 0023 



2 0 

1 15 

1 

0 0022 



3 5 

18 


0 0015 



20 0 



0 0028 

Carbobenzoxyglycyl-L-trypto- 

0 0632 

20 0 




phanamide 

1 





Carbobenzoxyglycyl-ii-thiazolidine- 

' 0 316 

20 0 

20 



4 carboxylic acid 






Carbobenzoxyglycylhydroxy-i - 

0 316 

20 0 




proline 






Carhohenzoxyglyoyl-L-phenylalanine 

0 000107 




14 


* Tyrosine crystallization 

1 100 per cent corresponds to the complete hydrolysis of one peptide bond 


of R' Apparently, this postulate holds here, although the kmetics diffei 
for the coriespondmg carbobenzoxytryptophyl and carbobenzoxyglycyl 
compounds 

Although the hydioly&is of the tiyptophan compounds is best desenbed 
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as following the kinetics of a zero order reaction, the initial rates can be com- 
puted equally well for a first order reaction This has been done m order 
to have some comparison with the rates for other compounds, although it 
IS evident, that this proceduie affoids only an appiovimation C (first 
order) for CTA is 0 120 and C (first order) for CTG is 0 0068 The ratios 
of the fiirst order proteolytic coefficients are then C'cta/C'cga = 3 2, and 
Cctg/ Ccgg = 28 'I]he good agreement between these quotients allows 
some confidence in the statement that the substitution of a tryptophyl 
for a glycyl residue in the position of R' inci eases the sensitivity of the 
substrate about 3 times This is of particular interest since previous ivork 
(5) has showm that alanyl or glutamyl residues m this position decrease 
the rates as compared to glycyl residues 

Assuming then that the Bergmann-Fniton postulates hold, it is possible 
to calculate the relative sensitivity of CGT as compaied to carbobenzoxy- 
glycyl-L-phenylalanme (CGP), the most sensitive known substrate for tl^ 
ensij'^me Since Ccop/Gcoa = 13/0 038 (from Stshmann ct al (6)), the 
zero order constants C'cta/C'ctg = 22 0/980 and Ccga/Gcta = 1/3 2, the 
equations aie readity combined to give 

• CgGP _ CcGP CcGA CcTA _ 13 X 1 X 22 0 

CcGT CcGA CcTA CcGT 0038 X 32 X 980 

direct comparison has also been made by taking the hydrolysis for the 
first reading at each of the six different enz3ane concentrations given m 
Table I foi CGT and computing Ccgt (first ordei) The results were 4 9, 

4 7, 4 9, 4 9, 4 2 and 4 6, giving an average of 4 7 Cggp/Ccgt = 13/4 7 
or 2 8 as compaied with the value 2 4 calculated indirectly The results 
suggest that the Bergmann-Fiuton concept is valid regaidless of the nature 
of the reaction kmetics obtained inpaiticulai experiments It is also evi- 
dent that the high affinity of carboxypeptidase for substances containing 
an aromatic ring is observed not only for the phenylalanine and t 3 T:osine 
compounds but for tiyptophan as well 

It IS clear from our data that carboxypeptidase is particularly sensitive to 
the natuie of the ammo acid m the R" position and much less sensitive to 
R' Change from a tr 5 q)tophyl to a glycyl residue m R' causes only a 3-fold 
alteration m the late of action on the sensitive peptide bond as judged by 
the ratio of the proteolytic coefficients of CTG to CGG However, the 
isomeric compound (CGT) containing the same ammo acids shows a differ- 
ence m sensitivity to the enzyme when compared to CGG of 4 7/OiO024 or 
I960 times Obviously, the nature of the residue possessmg the free car- 
boxyl group IS the mam determinant of sensitivity of the substrate to the 
enzyme 

Carbohenzoxyglycyl-L-tiyptophanamide is not hydrblyzed at a signin- 
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cant nitc bj cirbovs pcpticlnhc TJiis is m agi cement with the results of 
other m\csligalor>5 isho lu\e noted tliat a free terminal caiboxyl gioup is 
neccssarj for the action of this 01173 mo ( 4 ) 

Compounds which do not pos‘-ess a free 113 drogcn at the sensitive peptide 
bond liTve been reported to bo r&sistant to caibo\ypeptidase action This 
was found b3'^ Shalimann, Fniton, and Bcrgmann (6) using the substrates 
carbobcn7o\'3gl3'C3ls,ircosinc and carbobenzo\ygl3’^C3’'l-L-prohne It has 
now been obsened that carbobenzo\y-i^tr3T)toph3d-ir-prohne (CTP) is 
SI0WI3 113 drol3 zed (Table II) b3 carbo\ypcptidase This has been detected 
onl3'- because the introduction of the tryptophyl residue increases the sensi- 
tmt3’' of the substrate 3-fold as compared to the corresponding glycine 
compound Tlius, CTP is 113 drol3'^zed at about the same rate as CGG It 
w ould be evpected that the specific proteol3’^tic coefficient of carbobenzoxy- 
gl3'C3d-r.-prohne w’ould be about 0 0007, w^hich would not be measurable 
at the usual enz3Tne concentrations Similar observations were made with 
carbobenzo\ygl3’’C3dh3’’dro\y-i/-prohne (7) and carbobenzo\yglycyl-L-thiazo- 
lidine-4-carbo\ylic acid, these show'ed only slight lydrolysis m 20 hours 
The titration data on carbobenzovy-L-tryptophyl-L-tryptophan indicate 
a greater hydro^'sis than that evpected for a single peptide bond (Table II) 
Tests ivith carbobenzovy-L-tiyptophan and carbobenzoxy-DL-tryptophan 
indicate that these are split b^" carboxypeptidase (Table III) 

Studies of mixtures of carbobenzo\yglycyl-i.-thiazohdine-4-carboxyhc 
acid with CTG (Table III) or wuth CGP did not show any inhibition of the 
enzyme, indicating that the affinity of caiboxypeptidase for this compound 
■wuth a ring nitrogen is very slight mdeed 
The author gratefully acknowdedges the techmeal assistance of Mrs 
Toshiko Shimizu He is also indebted to Dr H T Hanson foi his help 
wuth the preparation of carboxypeptidase and to Dr M D Aimstrong foi 
the sample of ii-thiazohdme-4-carboxylic acid 

EXPERIMENTAL 

The crystalline carboxypeptidase was prepared by the method of Anson^ 
(8) and recrystallized five times as described by Neurath, Elkins, and Kauf- 
man (9) The enzymatic experiments were carried out m 2 5 cc volumetric 
flasks at a temperature of 25° Hydrolysis w^as measured on 0 2 cc samples 
by the titration method of Grassmann and Heyde (10) The substrate w^as 
present in a concentration of 0 05 m with the exception of the racemic sub- 
strates which were used at 0 1 m 

It was found that several tiyptophan derivatives did not always give re- 
liable analyses for nitrogen by the Kjeldahl method Hence, all of the 
analyses reported below were performed by the micro-Dumas method 

* Dr M L Anson was kind enough to furnish seed crystals of the enzyme 
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Likewise, carbobeiizoxyglycyi-L-thiazohdme-4-carboxylic acid gave low 
nitrogen values by the Kjeldahl method Most of the microanalj^ses were 
performed by Dr A Elek of Los Angeles The melting points were ob- 
tamed in open capillaiy tubes, they aie unconected values 
Carbobenzovyglyajl-h-liypiophan — ^To a solution of 7 gm of L-tryptophan 
m 36 cc of u NaOH at 0°, theie were added with coohng and shaking an 
additional 36 cc of m NaOH and 8 gm of carbobenzoxyglycyl chloride 
On acidification with 5 m HCl, the compound cry^stalhzed as a solid mass of 

Table III 

Action of Carboxypeptidase 

The conditions of these e\periment8 were the same as those described in Tables 
I and II 


Substrate 

Protein N 
per cc test 
solution 

Time 

H> drol 
ysis 

Ko 



mz 

hrs 

■fer cent 



Carbobenzo\y-L-trj ptophan (0 05 m) 

0 268 

0 5 

16 

0 53 




1 0 

31 

0 52 




1 5 

58 

0 64 




2 0 

73 

0 61 




2 5 

78 

0 52 

2 1 

Carbobenroxy-DL-tryptophan (0 1 w) 

0 268 

1 6 

44 

0 44 




3 0 

64 

0 36 

1 5 

Carbob en zoxyglycyl-L-try ptophan 

0 000632 




935 

Carbobenzoxyglycyl-L'tryptophan 

0 000632 

1 0 

36 


950 

.(0 05 m) + carbobenzoxyglycyl -L- 


1 5 

54 


950 

tbiazolidine-4-c'irboxyIic acid 


2 0 

69 


920 

(0 05 m) 





. 


fine needles Yield, 12 7 gm On reciystallization fiom ethyl acetate- 
petroleum ether, rosettes of fine needles were obtained, m p 142° 

CsiHoiOsNj Calculated C 63 8, H 5 4, N 10 6 
395 4 Found “ 63 7, " 5 4, “ 10 G 


Carbobenzoxyglycyl-h-iiyptophanamide — ^To a diy ether solution of tryp 
tophan methyl ester fiom 4 4 gm of the liydiochloride, theie iiere adde 
in two portions 4 gm of carbobenzoxyglycyl chloiide at 0° Following t le 
addition of the second portion, die solution was shaken foi 20 minutes wt > 
50 cc of a saturated solution of IfflCOs The ether solution was washed 
with water, dilute HCl, again ivith water, diied over Na^SOi, and concen- 
trated ^n vaciio repeatedly with methanol The syrup was then 
stand for 2 days at lOom tempeiature m a solution of methanol pi evio 
saturated with NH, gas at 0° The amide ciystalhzed partially after 
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pcal/cd couccuir.ilion \Mtli mclli'inol 
fntc-petroleiim oflior ndd, 2 7 pm 
m p 145° 


It ^\ns ieci 3 stallizcd fiom eth 3 d ace- 
Tho compound softens at 117-121°, 


C 1 HJ 1 O 4 N 4 Cftlculafod C 04 0, H 6 6, N 14 2 
394 4 Found " C3 9, " 5 7, " 14 3 


Carhobcmoxy-ij-lryptophylglycine 

Carhohcnzoxy-iAryplophan — To a solution of 5 1 gm of L-tiyptophan m 
25 cc of M NaOH at 0°, there were added with coohng and shalang 4 2 gm 
of carboben70\3’’ chloride and 25 cc of m NaOH 1 hour after the last 
addition, the solution was acidified to Congo red with 5 si HCl The com- 
pound ci^'-stallized in rosettes of fine elongated plates Yield, 8 3 gm In 
various experiments, the 3 neld ranged from 85 to 98 per cent of theory 
After reci^'stalhzation from ethyl acetate-petroleum ether, the meltmg 
point was 126° 


Cj»H,j 04 N. Calculated C 07 4, H 6 4, N 8 3 
338 4 Found “ C7 7, " 5 4, “ 8 5 

Carhohcnzoxy-h-lryplopkyl Chlonde — ^To a suspension of 7 6 gm of carbo- 
ben2o\y-i/-tr3T5tophan in 100 cc of anhydrous ether at 0°, there were added 
5 4 gm of PCh yHter coohng and shaking for about 30 ramutes, the acid 
chloride cr 3 'slalhzed spontaneous^’’ in a solid mass of elongated fine needles 
About 200 cc of cold anli 3 ’dious petroleum ether weie added, and the mix- 
tuie stined foi a few minutes The compound was filtered, washed ■with 
petroleum ether, and an -dried for 20 minutes on a porous plate The yield 
was quantitative M p 75° -with decomposition The compound is ex- 
tremely insoluble in ether, petroleum ether, and water It is readily soluble 
in ethyl acetate which v’as used as the solvent m various couplmg reactions 

Carbobenzozy-h-lryplophylglyane — The above acid chloride was added m 
10 cc of eth 3 d acetate to a solution of 2 gm of gb’Cine m 25 cc of ai NaOH 
at 0° rvith an additional 20 cc of ar NaOH The aqueous solution was 
washed vath ethyl acetate and acidified to Congo red vath concentrated 
HOI Yield, 6 7 gm Tiiangulai plates were obtained after recr 3 ’stalhza- 
tion from ethyl acetate-peti oleum ether, ni p 156° 

aiH-iOsNs Calculated C 63 8, H 6 4, N 10 6 
395 4 Found " 63 7, “ 5 4, " 10 7 

CarbohenzQxy-hriryptophyl-T,-alamne — ^This -svas prepared as described for 
the above glycine compound ■with the acid chloride from 3 4 gm of carbo- 
benzoxy-i,-tr 3 '^ptophan and 1 gm of n-alamne Yield, 4 0 gm The com- 
pound was obtamed as long needles nath the correct composition after 
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recrystallization from ethyl acetate-petroleum ether M p 93-99° After 
leciystallization from hot water, the melting point rose to 165° 

CjJI-jOsNj Calculated C 64 6, H 5 7, N 10 3 
409 4 Found “ 64 4, “ 5 7, “ 10 1 

Carbobenzo%i/-Xj-tryptophyl~irprohne — ^This Avas prepared as for the above 
compounds AVith the acid chloride from 3 4 gm of carbobenzoxy-L-trypto- 
phan and 1 2 gm of L-prolme Yield, 4 4 gm The substance ivas recrys- 
tallized by slow addition of petroleum ether to an ethyl acetate solution of 
the compound The product gave the correct analysis but had a poor 
melting point After recrystallization from methanol-water, the compound 
melted at 128-130° 


CjiHjsOsNj Calculated C 66 2, H 5 8, N 9 7 
435 6 Found “ 66 0, “ 6 0, “ 9 6 

Carbobenzoxy-rr-iryptophyl-h-tryptopban — The coupling was performed as 
. above with the acid chloride from 3 4 gm of carbobenzoxy-L-tryptophan 
l||nd 2 0 gm of L-tryptophan The sodium salt immediately crystalhzed as 
needles from the alkalme solution On acidification to Congo red, 5 2 
Ifm of needles were obtamed The compound was dissolved m a mixture 
of warm ethyl acetate and methanol, it crystalhzed on addition of petroleum 
ether M p 207° with slight decomposition 

CjoHjsOcNi Calculated C 68 7, H 5 9, N 10 7 
524 6 Found » 68 6, “ 5 5, “ 10 6 

Carbobenzoxy-h-tryptopliyl-\i-iyrosvne — ^This A\as prepared m the same 
manner with 1 8 gm of L-tyrosme The aqueous suspension of the msolu- 
ble sodium salt was acidified, and the compound was taken up m ethyl 
acetate The solvent ivas evaporated tn vacuo, and the substance solidified 
on standing mth water Yield, 1 7 gm The product softened m the 
neighborhood of 90-100°, and melted poorlj”- at about 135-140° Avath de- 
composition 

CssHojOjN, Calculated C 67 1, H 5 4, N 8 4 
501 5 Found “ 67 2, ” 5 6, “ 8 1 

Carbobenzoxy-nh-trypiophan — This was prepared in the same manner as 
the n compound described above The melting point was 169-170° for the 
racemic compound as compared to 126° for the ^derivative 

CigHisOiNj Calculated C 67 4, H 5 4, N 8 3 
338 4 Found " 67 5, " 5 5, " 8 3 

acid— To a solution of 6 7 
cc of M NaOH at 0°, there 
IS an additional 60 cc of M 


Carbohenzoxyglycyl--^-ihtazohdine-4-carboxylic 

e-ra of thiazohdine-4-carboxyIic acid (H) ^ 50 
we added m portions AVith coolmg and 
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NaOII 'UkI in ctlicic.'il bolution of ciihohcnzo\yg\yc}] diloude prep tied 
from 12 G gm of carbobcnrox^ glycine Ilnlf an hour after the Gnal addi- 
tions, the solution was washed with clhci and acidified to Congo led wnth 
toncentrated HCl The substance was extracted into ether, diied, and, 
concentrated in vacuo Crystals were obtained on standing wnth a small 
■\oIume of ether in the cold Yield, 7 5 gm The compound w^as obtained 
as phfes on rccrj'stalliz ition from hot ethjd acetate, mp 109-110° An 
additional crop of cr 3 'stals of lower melting point (103-106°) Avas obtained 
b 3 addition of petroleum ether to the mother liquoi 

c, Jf„OjN.S Calculated C 51 8, H 5 0, N 8 C, S 9 9 
324 4 Found " 51 6, “ 5 2, '• 8 5, " 10 2 

SUIWMARX 

1 Cr3'stalhne pancreatic carboxypeptidase hydrolyzes carbobenzoxy-n- 
ti^Titophylamino acids about 3 times more rapidly than the correspondmg 
glycyl compounds Carbobenzo\ygl 3 ’’cyl-J>phenylalanine is hydrolyzed by 
this enzyme about 2 6 times more rapidly than carbobenzoxyglycyl-L-tiyp- 
tophan The lydrolysis of various tiyptophan substrates under standard 
conditions proceeds with the kinetics of a zero order reaction, in contrast to 
the first order reaction usually found with similar derivatives of other ammo 
acids 

2 The synthesis of carbobenzoxy derivatives of tiyptophan and tr 3 q)to- 
phan peptides and of carbobenzo\yglycyl-L'thiazolidine-4-carboxylic acid 
IS described 
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V CO.MP unsox 01- Tlin IXFLUEXCE of 2,J-DINITR0PIIEX0L 
ox THE OXVOEX COXSUiMPlTOX OF RAT BRAIN 
SLICES \XD HOMOGENATES- 

Ih CLAREiNCi: iNOUMAN PEISS and I0IL\ FIELD 

(From the Department of Physiology, Stanford Unncrsity School of Medicine, 
Stanford Uuiicr'iity, California) 

(Hcccnrd for ]niblic(ition, Mnrch 17, lOlS) 

It IS ;\ell cslnblislicd lint tlic 0x3 gen consumption of ^£l^ous types of 
intact cells is augmented i\licn Ion conccntiations of 2 , 4-dimtrophenol 
(DNP) or certain othoi sulistituted phenols aic .added to the medium m 
which the cells aie suspended Slight^' highei concentiations depress 
oxygen consumption This has been showm foi 3'east (1-6), luminous 
bacteria (7), vanous maiine eggs (8-14), orthopteran embryos (15), mam- 
malian sperm (16-19), and scieial amphibian (20) and mammalian (21-25) 
tissues Similai obsenations haic been lepoited m some studies on 
glycol3Eis (c/ (26)) The augmentation phase of the concentiation-action 
cunes (cf (27)) which depict the effect of graded concentrations of DNP 
(and certain other substituted phenols) on oxygen consumption appears 
to depend upon factoi-s associated with cell structuie oi lendered inactive 
hy dilution (cf (28)), because it has not been obseived in cytol3’-zed mate- 
rial (29) or in cell-free prepaiations of various enzymes directly concerned 
m cell respiration (13, 30-32) Recently Reinei (33) has described a rat 
brain homogenate, leinfoiced with the lcno^vn co-factore of glycolysis and 
with nicotinamide, cytochiome c, and fumaiate, which is capable of oxidiz- 
ing glucose ]\'Ioreo\ci Reiner has defined the conditions foi maximum 
actiMty in this system In order to obtain fuither information regarding 
the action of the substituted phenols m augmenting cell lespiiation, which 
IS still impcifectly understood (26, 34, 35), we have compaied the influence 
of graded concentrations of DNP on the oxygen consumption of rat brain 
slices and homogenates with glucose as the fuel in each case The results 
are presented m this paper 

Methods 

Tissue w'as obtamed from tw^elve adult albino rats of the Slonaker-Wistar 
strain After decapitation the brain was rapidly excised and placed m a 
small chilled beaker standmg in a tray of cracked ice Beaker and tray 
were transferred to a moist cold box (36) The brain w^as then removed 

* Supported in part by a grant from the Medical Research Fund of Stanford 
University School of Medicine 
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from the beaker and placed on a paraffined stopper Adherent blood was 
removed with filter paper and meningeal tissue was stopped off with bone 
forceps Cerebral cortex slices were prepared by the Lucite templet method 
(37) by means of a clean, diy safety razor blade (38, 39) Tissue sections 
were removed from the cutting blade wnth fine forceps, and placed m a 
Petn dish wffiich stood on the surface of a tray of cracked ice This dish 
w as kept humid by means of a piece of filter paper moistened inth Rmger’s 
solution nhich was stuck on the under surface of the hd The hd was so 
placed that the dish nas partly open to receive tissue The slices were 
arranged m a number of small piles corresponding to the number of flasks 
to be loaded When a suitable quantity of tissue was on hand, the dish 
w as closed and the ice tray and dish w'ere removed from the cold box The 
slices were rapidly weighed on a micro torsion balance The usual load 
placed in a 15 ml respirometer flask was about 50 mg of wet weight 
Control expenments show'ed that mth sample w^eights rangmg from 20 to 
90 mg respiration varied directly with tissue weight Aliquot samples 
(duplicate or triphcate) w^ere placed m small weighmg bottles and dned to 
constant weight m an electnc oven at 105° After loadmg with tissue, the 
respirometer flasks, w'hich already contamed the necessary solutions 
(chilled), W'ere attached to the correspondmg manometers and oxygenated 
at room temperatme They were then placed in a w'ater bath mamtained 
at 37 5° ± 0 01° By this procedure the brain tissue is kept in a cold 
moist environment from the time of excision imtil adequate oxj'gen is 
available Thus imbalance between the anaerobic and aerobic aspects of 
metabolism is minimized (40) The suspension medium was I&ebs’ Ringer- 

phosphate, pH 7 35, contaimng 0 011 ar glucose The gas phase was 
oxygen Results are expressed m the conventional Q notation Thus Qo, 
denotes microhters of oxygen consumed, measured under standard condi- 


tions, per mg of dry weight of tissue per hour 
The homogenates were prepared by means of an all glass Potter-Elvebjem 
(28) homogemzer m ice-cold double distilled water The system for the 
homogenate work w'as essentially that of Remer (33) The following 
constituents w^ere used m the final (vessel) concentrations given glucose 
0 028 M, hexose diphosphate (HDP) 0 005 m, adenosme tophosphate (ATP) 
0 0007 at, coenzyme I (DPN) 0 001 m, potassium fumarate 0 0016 
nicotinamide 0 04 M, magnesium chlonde 0 008 M, cytochrome c 0 00006 m, 
lOf^POrKsHPOi buffer, pH 7 4, 0 04 m The HDP, ATP, and DPN were 
commercial preparations from the Schwarz Laboratories The former tn o 
were supplied as the banum salts and were converted to the potassium salts 
shortly before use Potassium fumarate was prepared by neutralizing 
fumaric acid ^vlth potassium hydroxide Cjdochrome c was a 
preparation (Treemond) All solutions were freshly prepared before each 
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e\penmcn( SuiLiblc ronccn(rahons of 2,4-dinitiophenol (DNP) were 
made up in Krcb'^’ Ringer-phosphntc for the tissue slice experiments and 
in 0 04 M pliosplnto bufTcr, pll 7 4, for tiie homogenate runs IVlien used, 
DXP ^\as added from tlie side amis of the respirometer flasks 30 minutes 
after the end of (lie tliemiocquilibration peiiod, thus alloiiang each prepara- 
tion to ‘^enc as its owai control for the initial 30 minutes In all cases 
steady stales of oxjgeii consumption were obsen’^ed during the control 
period On addition of DNP the maximum effect was very rapidly at- 
tained and remained at the same level of intensity for a considerable time 
The degree of augmentation or inhibition was calculated from steady state 
data before and after addition of DNP 

Results 

The effect of graded concentrations of DNP on the oxygen consumption 
of rat cerebral cortex slices in ICrebs’ Ringer-phosphate solution and of 
reinforced rat brain homogenate in phosphate buffer at 37 5° is shown m 
I'lg 1 An arbitrary value of 1 00 has been assigned to the rate of respira- 
tion dunng the control period (before addition of DNP) It is evident 
from mspection of Fig 1 that under the conditions of these experiments 
the respiration of cerebral cortex slices wns augmented in the presence of 
concentrations of DNP ranging from 4 46 X 10“® to 8 92 X 10“® m and was 
depressed by concentrations of 1 12 X 10“^ m or higher In the rat bram 
homogenate the picture was quite diffeient The concentrations of DNP 
which augmented respiration in the slices, i e , 4 46 X 10~® to 8 92 X 10~® m, 
lohibited oxygen consumption in the homogenate, the degree of inhibition 
increasing as the concentration of DNP rose It seemed possible that 
nn augmentation phase in homogenate respiration might occur at lower 
levels of DNP than in the slice To see whether this was so we examined 
the effect of graded concentrations of DNP rangmg down to 1 11 X 10~® m 
N o augmentation phase was found Concentrations of DNP below 4 46 X 
M did not influence homogenate respiration Thus when oxygen 
consumption is measured, with glucose as fuelstuff, the concentration- 
action curve of DNP is diphasic for cerebral cortex shces, which are essen- 
tially preparations of intact cells, and monophasic for bram homogenates, 
in which practically no intact cells were found on microscopic examination 
(although many apparently undamaged nuclei were present) 

There is one mteiesting feature of the data which is not brought out m 
^ig 1 where the values of respiration are given on a relative basis This 
feature is the striking similarity between the maximum rate of respiration 
^ cerebral cortex shces m the presence of DNP (m “optimum” concentra- 
tions for respiration) and the respiratory rate m homogenates vathout 
DNP Thus the rate of oxygen consumption of cerebral coitex shces m 
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MOLAR CONC DNP X 

Fifi 1 Concentration-action curve showing relative oxjgen consumption of 
^rebral cortex shoes (•) and reinforced brain homogenates (O) as a function of the 
'Concentration of 2,4-dinitrophenol An arbitrary value of 1 00 has been assigned to 
/the control rate (no dinitrophenol present) For details see the text 
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Fig 2 Block diagram to illustrate the effect of the concentration of 2,4 dinitro 
phenol usually evoking maximum increase in the respiration of cerebral coriet slices 
on the respiration of such slices and of reinforced brain homogenates Blocks with 
horizontal and vertical bars represent Qoj values of cerebral cortex slices and brain 
homogenates respectively No dinitrophenol was present m the controls 


the presence of optimum concentrations of DNP corresponded to <?oj 
values of 17 5 to 19 9, while m homogenates the durmg the control 
penod (before addition of DNP) ranged from 16 4 to 20 4 with a mean of 
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17 7 (Iwcnt's-six nins) In other words the two s3"stenis appealed to have 
approxunatclj (he same rcsinrator}'- ceihng Tins is shoivn m Fig 2 
It must be pointed out that the comparison drawai m Fig 2 is not a 
simple one It iinohes two quite different systems On the one hand 
we arc dealing willi ccrcbial coilcv slices, consisting mostly of intact cells, 
suspended in an "extiacellular phase” medium (c/ (38, 41)), in the piesence 
of optimum conccnl rat ions of DNP, on the othei hand wath a system made 
up of disintegrated cells, with considerable dilution of ceUulai matenal 
(28), picsent in an ajiproMination of an “mtraccllulai phase” medium 
(38, 11) and remfoiccd with vaiious factors impoitant in glycolysis and 
respiration Howeaei, in the nature of the case no smgle medium could 
be u^ed foi this compaiison (c/ (38)) It should be noted that the homog- 
enate used was the “complete sj^stem” of Remer (33) m which it appears 
that the conditions arc such as to reveal the full potential respiratory 
capacity of brain tissue (33) It seems to us that the similanty m respira- 
torj’’ rate between this system and ccicbral cortex shces m the presence of 
optimum concentiations of DNP is more hkely to be meanmgful than 
fortuitous 


DISCUSSION 

Three major gioups of observations bearmg on the mechamsm of aug- 
mentation of cell respiration by DNP are reported m this paper These 
are (1) that optimum concentrations of DNP raise the rate of respiration 
in ceiebral coilex shces to about the same level as m brain homogenates 
without DNP but leinforced to exhibit maximum respiratory activity 
(with glucose as the fuelstuff m each case), (2) that no augmentation of 
lespiration is obtainable, undei the conditions of these experiments, when 
DNP IS added to homogenates, (3) that concentrations of DNP which 
augment the respiiation of cerebral cortex shces produce a shght depression 
of respiration in homogenates 

On the basis of these observations it is suggested as a tentative workmg 
h5q)othesis that augmentation of cell respiration by DNP is due to inhibi- 
tion of an enzyme "brake” or regulator (cf (42) p 178) by this agent, 
^ e , that it IS a matter of “deinhibition” rather than “stumilation ” In 
BO far as lespiration itself is concerned the action of DNP appears to be 
uniformly inhibitory as showm by its effect on this piocess m the homoge- 
nate Failuie to observe augmentation of respiration m the homogenate 
treated with DNP may well be due to loss of the regulator by the dilution 
effect (cf (28)) durmg prepaiation The high respiratory rate of the un- 
treated homogenate is in consonance mth this suggestion 

The view that DNP and substituted phenols of like effect may mcrease 
cell respiration by inhibition of a legulatoi is not new (cf (25, 30)) How- 
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ever, this new has been both strengthened and somewhat modified by the 
evidence presented here Thus the hj^iothesis is supported by the obser\a- 
^tion that the ceihng for respiration is about the same, vrth glucose as a 
common fuelstufif, for mtact bram cells m the presence of an optimum 
concentration of DNP and for brain homogenates contaming no DNP, 
prepared so as to exhibit apparently maximum actinty It is modified 
by the observation that concentrations of DIVjP which augment respiration 
m the mtact bram cell shghtly inhibit respiration m the bram homogenate 
so that the augmentation phase represents the algebraic sum of the effect 
of inhibition of the regulator and of the respiratory process rather than 
simply inhibition of the former In a tissue m which the latter effect pre- 
dommates there would be no augmentation phase 
The view that augmentation of tissue respirhtion by DNP is basically 
an inhibitoi^’’ phenomenon mtroduces unity into the concept of the bio- 
logical actmt 3 ’- of this substance and the substituted phenols haiung quabta- 
tively similar effects In general these agents inhibit enzyme activity, 
and the augmentation of the exergomc (43) processes, respiration and fer- 
mentation (cf (26)), by low concentrations of DNP and the like was a 
sumque and anomalous aspect of their action Concentrations of the sub- 
^.’fetituted phenols which augment or do not depress cell respiration appear 
to decrease the energy axailable for assimilation or work (cf (34)) Thus 
such concentrations inhibit division m fertihzed Arbacia eggs (8-13), 
multiplication of yeast (44), and grovdh and development in the frog (45), 
m a teleost (46), and m Drosophila (47) Thej’’ also mhibit assimilation 
of carboh 3 ’’drate (48) and of protem (49) in vanous t3q5es of cells, phosphate 
turnover (49), motility m sperm (16-18), ciharj’- movement m Aremcola 
lanme (50), and voluntary activity m the rat (51) 

While a fair case can be made for the new that the effect of DNP and 
substituted phenols of hke action is always inhibitor}' on the enzyme level, 
the evidence is only presumptive, not conclusive The hypothesis would 
be much strengthened if the regulator could be identified, as m the case of 
the hexokinase reaction studied by Con and Con and their associates 
(52, 53) It might then be possible to depress the respiration of homoge- 
nates by addition of the regulator and to reheve this mhibition by addition 
of DNP It IS planned to deal with these questions m a subsequent in- 
vestigation 


SUMMARY 

1 The oxygen consumption of rat ceiebral cortex shces in Erebs 
Kmger-glucose solution is augmented when sufficient 2 , 4-dmtr^heM is 
added to the medium to give concentrations rangmg from 4 46 X lO"* 

8 92 X 10^ ^ Higher concentrations of DNP depress respnation 
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2 Concent ritions of DNP winch augment lebpiration in cerebral coite\ 
‘'liccs cau'c a slight inhibition of owgcn consumption m lemfoiced biam 
homogemtes Highci concenti ilions of DNP cause more maikcd inhibi- 
tion Concontnitions of DNP lower than those augmenting lespiiation 
m cerebial cortc\ slices h nc no effect on homogenate respnation 

3 Concentrations of DNP c\ okmg mavimum inciease m the lespiration 
of cerebral corlc\ slices bring the o\ 3 'gcn consumption of the slices to about 
the s< me lc\cl as in remfoned homogenates untreated with DNP 

d It IS suggested tint lugmentation of tell respnation bj’’ DNP is a 
matter of “dcmlnbition” rather than “stimulation,” and that the essential 
feature of the augmentation is inhibition of an enzj'mc “brake” or legulatoi 
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THE VERATRINE ALiaLOIDS 
x\\ III THE sTRucTLin: or iervine 

Br VLTER A JVCOBS and \0&HI0 SATO 
(From the Laboratoncs of The liorl rfeUrr Inslituir for Mrihcal Research, Ncto YorJ) 

(Rcconcd for puMicalion, April 11, 10-18) 

Since the pre^ lous communicnlion (1) on jen me, new observations have 
been made vhicli, vntli rcinlerjnclalion of some of tlie eariiei data, now 
permit of certain conclusions in regard to its structure Most satisfactory, 
as presented in Formula I, is that of a 3((9)-h5’’dro\y-ll-keto-A®®®- 
steroidal base in vhich the secondai 3 ’’ basic gioup is contained on the iso- 
oetjd side chain The probable ovidic linkage appears also to be attached 
at least in part to the side chain but its exact location remains to be de- 
termined 

In the course of the earlier v ork to identifj’^ the double bond still present 
in dibydrojeiaunc the attempt was made to convert this derivative, as 
■With jervine itself, with aluminum tei t-butoxide to the A'*'ketone and the 
latter in turn vnth aluminum isopropoxide to a possible A'^-dihydrojervine 
The last stage yielded a numbei of fractions of a crystalline hydrochloride 
which gave no Rosenlieim test or only a veak one vath tnchloroacetic acid 
At the time this appeared to suppoi t the possibility of hydrogenation of the 
A® double bond of jervine in the formation of dihydrojervine However, 
other evidence has since been accumulated vhich makes this untenable 
^luch more clear cut was the experience with ;8-dihydrojervinol (For- 
mula rV) in which the carbonyl group of dihydrojervine has been reduced 
With sodium and butanol (1) The dihydrojervine (Formula II) used for 
reduction to /3-dihydrojemnol was first treated ^vlth HCl to remove con- 
taminating jervine by isomerization /9-Dihydrojervinol was smoothly 
converted by the Oppenauer method to the crystallme A*-3-leto derivative 
Cr,HiiO„N (Formula V) which leadily yielded an oxime The ultraviolet 
absorption spectrum obtained wth the A^-ketone is shown in Fig 1, 
together ^vlth that of the oiiginal /3-dihydrojervinol The ketone was m 
turn readily reduced with aluminum isopiopoxide to the crystalline A*-3- 
hydroxy derivative C-nHaOzN which, contrary to /S-dihj^drojerxanol, now gave 
a pronounced Rosenheim reaction (Formula tT) No attempt has been 
made as yet to determine the configuiation of the 3-hydroxyl group of the 
substance isolated or to separate possible epimers, if a mixture However, 
tile product was isolated m sexmral fractions which closely agreed in 
properties 
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This senes of reactions parallels the expenence with jervine itself and 
TMth other S-bydroxy-A^-steroids It has been assumed that the original 
carbonyl gioup of jervme as such, or after its reduction wth sodium to 
hjdioxyl, has not participated in these reactions This was especially 
indicated by the general unreactivity of the carbonyl group of jervine 
Aside fiom its reduction inth sodium, this inertness was shown by the 
faiiuie of all moie recent attempts to cause it to react with ketone leagents 
Sirailaily jeivine uas lecoveied unchanged after the usual tieatment with 
aluminum isopropoxide This behavior strongly indicates a CO group at 
position 11 (2, 3) As a possible additional check for the 11-keto group, 
the behavioi was studied of the ease of acylation of the OH group formed 
from it by i eduction However, /3-dihydrojervmol in pyndine at room 
terapeiature with acetic anhydride yielded quite readily N-acetyUihydro 
jervinol dtacelate As in the case of sarmentogenin this ease of ac3dation 
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indicates a less hindered configuration for the new hj’-droxyl group (3) 
than that found ivith the adrenal ll-hydioxy steioids (2) 

In the earlier paper absorption spectrum studies with dihydrojervme 
weie discussed Due to the abnormal results obtained, the possibility of 
contamination with unchanged jemne was considered but discarded be- 
cause of the failure of repeated attempts to change these results by certom 
punfication pioceduies However, this has smce been found to be incor- 
rect by the use of a relativelj'- large amount of catalyst for the first step m 
the hydiogenation of jervme A dihydrojervme was obtamed with proper- 
ties essentially as previously recorded with the exception, however, that 
the ultraviolet absorption data obtamed wuth it (Fig 1) now^ no longer 
showed the strong absorption m the shorter wave-lengths The cun^ 
closely resembles that pieviously obtained from dihydrojervme w'hich had 
been recovered after treatment mth HCl to remove possible contamination 
with jervme However, the presence of some absorption m the shorter 
wa?m lengths suggests the persistence of slight contamination The pea 
which persists at about 300 nm is due to carbonyl group absoiption 
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In of flic norm.il behavior of /J-dihj drojcrvinol, vc returned to a 
studj’ of dilij droicn me in vliirli flic same ncid-freated material was used 
Witli aluminum <crirbu<o\idc and acetone a product resulted which was 
punfipd IhiouRh alumina and m good vicld a i.ilhei low melting (131- 
132°) cr\t( illnic Mibslance The ultraMolct absoiplion spectrum of the 
latter (Fig 1), con<r.ir\ to that of dihjdrojenane, nov jaelded the absorp- 
tion to be expected of A^-ilihjjdrojrnonca^^ ‘-hown m the pai tial Formula III 



1 O = dihydrojervine, • = A*-dihydrojervone, -f- = A^-^-dihydrojervonol, 
^ ~ 0 dihydrojervinol, all in ethanol 

The latter was further charactenzed by its oxime The next step with 
aluminum isopropoxide, however, again gave ambiguous results The 
reaction product isolated as the base in a number of crystalline fractions 
niled m largest amount to give the expected Rosenheim test Only a 
verj’’ small fraction was obtained which gave a sufficiently strong, although 
8- noiTnal, color with tnchloroacetic acid In addition, analytical dis- 
crepancies (0 5 to 1 per cent high m C) persisted m attempts to charactenze 
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the various fi actions Because of these difficulties a report of the expen 

mental details of this part of the investigation will be deferred, pending 
the outcome of a fuither study planned to explam the anomalous results 
In the course of our woik a personal commumcation was received from 
D H R Barton who coiiectly questioned the earher abnormal ultranolet 
absoiption cun^e attributed to dih3’’drojervine (and since rejected by us) 
as being due to a A“'^-ketomc type of absorption He also called attention 
to previously published data of this laboratory (1) as follows If one cor 
rected foi possible contamination of the dihydrojervine used mth about 4 
per cent of jervine, its molecular rotation would be —341° Since that 
observed with tetrahydrojervme was —90°, the observed change in molecu 
lar 1 otation w as +251° on passing from the formei to the latter Sunilarlj 
from our data the hydrogenation of /?-dihydrojer\nnol with its molecular 
rotation of —17° to tetiahydrojemnol of molecular rotation +211° shons 
a change of +228° Both of these lesults approximate the change in 
moleculai rotation of +240° showm by Baiton (4) to be character istic for 
the hydi ogenation of a A®-steroid bond 
We have also found that the expected 3(/3)-hydioxyl as w’ell as the 
A®-stenol chaiactei of jervine w'hich does not foim an insoluble digitonide 
has been confirmed b3>- the application of the method of Barton (5) to 
N-acetyljemne ([a]” = — 118 5° (c = 1 07 in chloroform)) A cora- 
|parison of the molecular rotation of the latter wuth those of N-acetyljervine 
ncetate, [a]^J = —114° (c = 108 m cliloiofoim), and N-acctyljemne 
hemoate, = —81° (c = 0 96 m chlorofoim), has shown that the 

molecular rotations aie iespectivel3'' —553°, —580°, and —463°, or a A 
of —27° and a A2 of +91° The Ai and A; ^alues of Barton are respec- 
tively —35° and +81° 

The persistence of the A® bond m ;3-dih3^drojenTnol (and also m a-dih}'- 
drojeiwnnol) shows that this bond m dihydrojervine and jeiwine resists 
reduction wuth sodium and thus conforms to the beha^^or of the usual 


3-hydroxy-A®-steroids first Shown wnth cholesterol itself (6, 7) 

In earher work it was found that the highly h3’-droxy]ated tertiary bases 
cevme (8), germme (9), and protox^erine (10) are reduced with sodium to 
dihydro bases Since this differs fiom the usual behaMor for a A®-stenol, 
a recent check was made on the behaMor of inbijervine, isorubijervme, 
and solamdine As was to be expected, they wme not reduced by tlus 
method ‘ A further difference between the cevme group and the simpler 
bases as already recorded was the resistance of the former to the usual 
hydrogenation procedure (except m the case of cevme with nickel) How- 
ever, after isomerization with alkah to iso bases (9, 10), presumably due 

I The statement previousb made ((1) P 639, paragraph 2) convejs an incorrect 
and unintended meanmg in this regard and should be discarded 
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to n bond bhift, such hydrogenation rc*uhl'\ OLcuried It is probable that 
theto natural po^’lij dro\y bases are A®”*'-stcnols and the iso bases are 
A” den^atncs A suggestion of this mbs seen bj the use of the method of 
molecular rotation difTcrences of Barton (11) 

On passing from isogennine of [a] “ = — 16 6° (c = 1 01 in 95 per cent 
ethanol) to the \.iluc rcconll}' found for diliydioisogermine of [a]^^ = 
—51 4° (c = 1 01 in 95 per cent ethanol), a A of —26° is obtained which 
agrees Mith the A ^ aluc of —24° gnen ly Barton for a A'^-stenol (/8-stenol) 
A similar result, t’lc A = —27°, is obtained by using the rotations of these 
substances found in pyiidinc respectuely of [a]p® = —56° (c = 1 00) and 
W;® = -61° (c = 0 95) 

Wth isoproto\ erinc and dih} droisoprotovenne (10), because of spanng 
solubihtj , the previousl}’’ reported rotations were taken only in p3mdine 
A more recent value for the former also in this solvent was [a]|® = —44° 
(c = 0 94) and the rotation for dihydioisoprotoverme recalculated for the 
dried substance was [a]^ = —53° Fiom these figures the value obtamed 
for A IS —48° .ythough not as close as in the case of isogermine to the 
aboi e A \ alue, it also suggests a /9-stenol tj^ie for isoprotovenne 

As a final point, the identity of the groups involved m the isomenzation 
of jemne with acid to isojervine becomes of mterest Previously (1) 
the possibility of the formation of a neu hydroxyl group by cleavage of 
the ovidic groupmg was discussed However, the stability of dihydro- 
jernne to acid and the ready acetylation of the new hydroxyl group of 
isojemne to form an N-acetyhsojemne diacetate (1) suggest that iso- 
lervine may result from the enohzation of the 11-CO group and conjugation 
of the new double bond to form a possible benzenoid Ring B Although the 
latter is supported by the resistance of isojennne to hydrogenation, its 
prenously published ultraviolet absorption curv''e does not conform to a 
simple benzenoid type The study of this question mil therefore be con- 
tmued 


EXPERIMENTAL 

^*-P-Dihydrojervonol~FoTthe material usedin this study 6gm of dihydro- 
jervine obtained by the hydrogenation of jennne were treated with 
methanol (75 cc ) saturated with HCl at 0° and the paste of hydrochlonde 
ivas allowed to come to loom temperatuie After an hour the salt was 
collected mth a small amount of methanol and then decomposed with 
^9Ueous alkah for extraction with chloroform After removal of solvent 
the dihydrojervine was crystallized from methanol This material was 
reduced as previously described m butanol mth sodium The ^-dihydro- 
jervinol obtained after recrystallization melted sharply at 283 5—286 
1 8 gm w’erc refluxed with 7 2 gm of aluminum tert-biitoxide dissolved 
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in a nn\tuic of 170 cc of benzene and 60 cc of acetone for about 4 hours 
Aftei decomposition with dilute alkali the product was extracted uith 
chloiofoim I’he lesin obtained bj- concentiation of the washed and dried 
extiaet was dissolved in 50 cc of acetone and allowed to stand for several 
daj'^s 0 19 gm of /3-dihydiojeivinol which crystallized was recovered 
IJic inothci liqiioi on concentiation to 10 cc yielded a ciust of heavier 
ci ystals Aftei seven al houi s this was collected with cold acetone 0 9 gin 
was obtained which sinteied at 211° and melted at 219-223° It separated 
without, solvent as micio platelets on addition of ethei to the benzene solu- 
tion and after slight pieliminary sintering melted at 221 5-223 5° 

C’jjlJ.iOjN Ciil(ul/ilc(l, C 75 82, H 0(57, found, {' 75 5R, If 9 42 

'llic oximc was obtained m methanol solution with liydioxyLxmine hydro 
chloiide and sodium acetate The diluted mixture was made allvaline and 
e\ti acted with chloiofoim The oxime separated fiom 60 per cent meth- 
anol as flat micro needles which lost birefringence at 286-292° 


Csrlb 0,N Cnliulufcd, CJ 73 24, JI 0 57, found, C 75 57, JI 9 50 


ix^-^-Dihydi ojcrvinol — 0 3 gin of A’-/3-dihydrojeivonol was dissolved in 
benzene and the solution was concentiated ^n vacuo t.o diynoss to insure 
lemoval of all solvent The residue was tieated with a solution of alu 
m num isopropoxide in 25 cc of isopropanol piepared from 1 gih of alu 
mmum After lefluxing for 2 houis, an additional 15 cc of isopiopanol 
were added and the mixture was vcij’’ slowly distilled until the distillate 
no longer gave a Legal test The mixture was fuither concentrated to 
small volume and, after cooling and decomposition with excess dilute 
NaOII, it was extracted with chlorofoim The lattci yielded on concen- 
tration a resin which was dissolved in methanol followed by careful dilution 
When ciystallization once began it was greatly aided by warming and 
foitned a ciust of small platelets This fiaction of 90 mg on lecrystalliza- 
tion from dilute methanol foimed almost rhombic wedge-shaped aggre 
gates of micio platelets which melted at. 246-248° and were anhydrous 
It gave a gradually developing pronounced deep purple color wth tri- 
chloroacetic acid 


[„|g = -f54 5° (c •= 1 03 in chloroform) 
C tII^sOiN Calculated C 76 40, H 10 10 

hound (o) “ 75 10, “ 10 09 
(5) “ 75 81, “ 10 14 


Ihc mothei liquoi of the above fraction contained most of the niatwia 
nd although further dilution caused ciystallization, it was found pre c 
,ble to rcex'trai t with chloioform Ihe concentiated chlorofoim so u i 
1 addition of benzene caused a copious crystallization of aggregates 
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pointed phtclcts winch contained 1 mole of solvent Tins fraction (0 16 
gm ) melted at 213-216° and gave a Rosenheim test indistinguishable 
from the first fraction For analysis it ivas dried at 110° and 0 2 mm 

[olU = +00' (c ■=■ 0 SO in cliloroform for dry substance) 

C*-lhjOA* Crllf Calciilntcd, Celle 15 3S, found, 14 97 
C rllnO V C-ilciihlcd, C 75 10, II 10 10, found, C 75 67, H 10 10 

The hydrochloride sejiarated from methanol ethei as aggregates of micro 
platelets which sinlcred iiiogrcssively above 235° and melted at 272-275° 
(uncorrccted) 

For analysis it w’as dried at 110° and 0 2 mm 

C.rUetOeNCI Cnlrulnlod, C 60 50, H 9 52, found, C 69 63, H 9 57 

A*-Dihijdrojcrvonc — 0 5 gm of dned dihydrojennne w^as ieflu\ed for 5 5 
hours wath 12 gm of aluminum tei t-butovade m a mixture of 18 cc of 
benzene and 9 cc of acetone At first almost clear, the mixture gradually 
show ed considerable deposit wdnch later became somewdiat colored After 
dilution and treatment wath excess alkali, the mixture was extracted with 
chloroform The washed and dried extract w^as concentrated and then 
repeatedly concentrated wath benzene and, finally, in vacuo However, 
the residue remained an oil This w'as dissolved m 5 cc of benzene and 
chromatographed at first wath this solvent through 12 gm of an active 
alumina "i^Tien material began to appear it w as collected in 5 cc portions 
The first few fractions yielded an appieciable oily residue which smelled 
of acetone condensation products but from Fraction 5 jaelded crystalline 
material Aftei Fraction 12 the solvent was changed to 0 5 per cent 
methanol in benzene to facilitate the otherwise ver 3 '’ giadual elution Fol- 
lowing an interpretation of the general couise of the elution and ease of 
crystallization. Fractions 26 to 38 inclusive were joined On concentration 
^n vacuo 0 28 gm of a lesm was obtained On caieful dilution of the 
acetone solution it graduallj'’ yielded a copious mass of needles which were 
collected with acetone-water (1 2) 0 195 gm w^as obtamed which melted 

at 122-128° After recrystallization from dilute acetone it fonned aggie- 
gates of needles which contained little solvent and melted sharply at 
131-132° It was readily soluble m the usual organic solvents 

C-vHjsOjN Calculated, C 76 18, H 9 24, found. C 76 62, H 9 37 

From later fractions, especially after changing to 1 per cent methanol, 
a very small amount of unchanged dihydrojervine was recovered 

The oxime was prepared by refluxing the methanol solution of 28 mg 
With 60 mg of hydroxylamine hydrochloride and 0 2 gm of sodium acetate 
After 3 hours the concentrated solution was treated wath excess ammonia 
and diluted before the sparingly soluble hydrochloride could separate 
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The Oxime separated as delicate needles 24 mg were collected. It 
tended to separate from methanol or diluted methanol as a gelatinous 
precipitate From the warm diluted solution it crystalhzed as micro leaf- 
lets which lost birefnngence at 293-297° 

Calculated, C 73 58, H 9 15, found, C 73 30, H 8 98 

N-Acetyl-^-dihydrojervinol Diacelale — 0 1 gm of /3-dihydrojervinol was 
refluxed in 3 cc of acetic anhydnde for 3 hours After removal of excess 
reagent the residue crystalhzed fi om methanol without solvent as micro 
platelets or needles which melted at 254-257° 

CjjH^sOsN Calculated, C 71 30, H 8 89, found, C 71 20, H 8 90 

A suspension of 75 mg of /3-dihydrojervmol m 0 7 cc of pyridme and 
0 35 cc of acetic anhydride was shaken at room temperature until dis- 
solved and left foi 20 hours After repeated concentration tn vacuo with 
benzene the lesidue was dissolved m methanol From small volumes at 
0° successive fractions of 28, 21, and 30 mg were obtained The first 
fraction (o) melted sharply at 256-257° while the second fraction (6) melted 
at 235-237° The third fraction (c) melted again at 255-256° 

Found (a) C 71 41, H 8 98 
(6) “ 71 51, “ 9 06 
(c) “ 71 28, “ 8 90 

N-Acelyljermne Benzoate — 0 1 gm of N-acetyljervme (12) in 2 cc of 
pyndme was treated m the cold with 0 1 cc of benzoyl chloride After 
2 hours it was poured into excess cold dilute H2SO4 After hardemng, the 
product was collected It formed rosettes of needles from 95 per cent 
ethanol which, although free from solvent, appeared to melt partly at 
159-163° and then at 218-223° When taken a few days later, it melted 
only at 219-223° 

C55H4506N Calculated, C 75 61, H 7 94, found, C 75 58, H 7 71 
All microanalytical work was performed by Mr D Rigakos of this 
laboratory 


STJMIUAKI 

New observations with lemterpretation of previous data now permit of 
certain conclusions m regard to the structure of jervme Most satisfac- 
tory IS that of a 3(/3)-hydroxy-ll-keto-A® ««-steroidal seconda^ base m 
which the basic group is contained on the isooctyl side chain Ihe proo- 
able oxidic linkage appears also to be attached at least m part to the si 

chain 
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There is evidence (lint the highlj’’ Iiydrovylated tertiary veiatrme bases 
cevine, gcrininc, and i)ioto\ennc ire A®f'^'-slcnols and that their iso 
dernatnes are A” deii\a(nos 
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TECHNIQUES FOR THE DEMONSTRATION BY CHROMATOG- 
R VPHY OF NITROGENOUS LIPIDE CONSTITUENTS, 
SULFUR-CONTAINING AMINO ACIDS, AND 
REDUCING SUGARS* 

Br ERWIX CHARGAIT, CELIA LEVINE, and CHARLOTTE GREEN 

(from the Department of Dtochemistry, College of Physictans and Surgeons, Columbia 

Vnncrsily, New Yorl) 

(Received for publication, April 19, 194S) 

Separation methods cmplo3Mng chromatography on filter paper, ongi- 
nal)}' suggested for ammo acids (1), arc now being applied to the demon- 
stration of a \ar1ct3' of substances m minute amounts In the course of 
studies on the composition of certain tissue constituents, especiall}’- lipides 
and lipoproteins, which wall be described at a later date, several techniques 
for the separation and demonstration of lipide and protein constituents w ere 
developed These procedures may find a vaiied application and are, 
therefore, presented briefly at this time The methods described heie for 
the demonstration of choline and of reducing sugars wall possibly be appli- 
cable to the quantitative microestimation of these substances 

1 XPERIMENTAL 

Nilrogenous Conshluents of Phosphatides 

The bases usually found in tissue phosphatides are choline, ethanolamme, 
and serine The piesence in certain lipide fractions of other free or substi- 
tuted amines and ammo acids, how'evei, cannot be excluded in the light of 
previous studies pi esented from this laboratory (2) The sepai ation experi- 
ments w'ere carried out w ith test mixtures (contaming 20 to 100 -y of the 
individual components per run, t c per 0 01 cc ) and ivith hydiolysates of 
tissue phosphatides, purified and fieed of sphingosides as described previ- 
ously (2) The phosphatides were hydrolyzed by boiling mth 6 n hydro- 
chloric acid for 24 hours and the chilled and filtered hydrolj’-sis mixtures 
evaporated to dryness in vacuo The solutions of the residues, wduch had 
been dried in vacuo over P2O5 and KOH, were adjusted to approximately 
pH 7 and contained about 1 mg of amino N per cc Portions of 0 01 cc 
of the solutions were submitted to unidimensional chromatogiaphy on filter 
paper strips 50 cm long (Schleichei and Schull No 597) foi 12 to 18 hours 
Some of the solvent mixtures employed and the Rp values (1) of the bases 
^re summaiized in Table I 

In all experiments, one set of paper strips served for the identification of 

This work was supported by a grant from the American Cancer Society on the 
recommendation of the Committee on Growth of the National Research Council 
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chobne, and another was developed for primaiy ammes The presence of 
cholme and its position on the paper were demonstrated by its conversion 
to cholme phosphomolybdate, followed by the reduction of the latter to 
molybdenum blue, the primaiy ammes neie located by means ofnmbydrin 
or by the appearance of fluorescent spots on the heated paper ^ 

For the identification of cholme (Solvents 2 to 4 m Table I), the papers 
were dried in air for 30 to 60 minutes and for the same length of time in an 
oven at 95°, sprayed mth a 2 per cent aqueous solution of phosphomolybdic 
acid, washed by immersion m a large volume of n-butanol for 5 mmutes and 
then for the same peiiod m runnmg tap water, and finally dipped into a 
freshly prepaied 0 4 per cent solution of stannous chloride m 3 n HCl 
Clearly circumscribed blue spots mdicated the position of cholme No 


Table I 

Separation of Nilrogenous Phosphatide Constituents 


SoU ent No 

SoK ent* 

— 

Serine 

Rp \aluest 

j Cholme 

) Ethanolamme 

1 

Phenol 

0 35 


■■ 

2 

n-Butanol-morpholme (3 1) 

0 11 



3 

n-Butanol-dio\ane (4 1) 

0 14 



4 

n-Butanol-pyridine (4 1) 

0 05 

■■ 

0 25 


* The solvents, mixed in the i olume proportions indicated, were saturated with 
water and the upper layers used for the experiments which were earned out at room 
temperature 

t Proportion of the distances of the starting point from the adsorbate and from 
the solvent front (1) 


mterference was noted by glucosamme, adeume, uric acid, or creatinine 
with butanol-morpholme as the solvent 

For the demonstration of serme and ethanolamme, the papers were 
dried m air (Solvent 2) or at 95° (Solvents 1, 3, 4) for 30 to 60 mmutes, 
sprayed with a 0 1 per cent solution of ninhydrm m n-butanol, and then 
heated at 95° for 5 to 15 mmutes, m order to de\elop the colored spots - 


» With respect to the fluorescence of amino acids and related substances, compare 
(3) and tv o brief notes (4, 5) vhich appeared after the completion of the expenmenfs 

VBy'lh^e^application of the method presented here, acid h 3 drolysates of the total 
nhosphatide fraction of beef brain, purifled as described before (2), vere found to 
MBtain m addition ti ethanolamme, serine and cholme, a hitherto umdentiiied 
constituent whose R,. value of 0 07 (in butanol morpholine) placed it above serine 
This substance, vhich is being investigated at present, gave the 

al=r. found in a lipide preparation which, for further punfication, had been 
plrpittd fmm l\:!Sslspension nith acetone and subiected to prolonged 
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Another proccduie, pirlicuhrly coda enicnt ^^hcn butanol-pyridinewas em- 
plojcd as the sol\cnt, consisted in the pioduction from the adsorbates, by 
heating at 95° for 90 minutes, of spots shoi\ing a ■nell defined fluorescence 
under the light of a quai tz lamp 

Sulfur-CotUainmg Avnno Acids 

The principle for the detection of these amino acids is their ability to 
catal3'ze the o\idation of sodium azide by iodine, 2NaN3 + I2 = 2NaI + 
SN- (6, 7) ,Vs little as 5 7 of cj stcine 01 cj'stme and 20 to 25 7 of methio- 
nine could be demonstrated on filter paper b}’’ means of this reaction 
The paper strips were, following the separation, dried for 30 minutes at 
95°, and spraj'ed wath 0 05 n aqueous iodine containing 1 5 pei cent of 
sodium azide '\^^llte sjiots on a light blown background indicated the 
position of the sulfur-containing ammo acids The contrast w'as sharpened 
considerably when the observations were made m ultraviolet hght Cys- 
teine produced an almost immediate reduction of the iodine, cystine re- 
quired about 15 minutes, and methionine up to 60 minutes 
T\Tien 0 01 cc portions of test mixtures, containing (per cc ) 3 mg each 
of cj'steine and cj'stine and G mg of methionine at pH 1, were subjected to 
separation wnth isobutyric acid (saturated wnth water) as the solvent, the 
following Rp values were found cj'^stine 0 26, cysteine 0 47, and methionme 
0 70 Similar values wei c obtained with cystine and methionine w'hen solu- 
tions containing only one of the ammo acids were subjected to chromatog- 
raphy and also when ninlij’^dnn w^as the developmg agent (1) Cysteme, 
however, appeared to be decomposed and oxidized m pai t m the course of 
the chromatography Tlie chromatogram of a fieshly prepared cysteme 
solution of pH 1 showed, upon treatment with ninhydiin, three zones of 
adsorption with Rp values of 0 18, 0 28, and 0 48 That the last twm corre- 
sponded to cystine and cysteme respectively could be demonstrated by the 
use of the lodine-azide reaction w'hich was immediate for the fastest, some- 
what elongated component and requiied about 15 mmutes for the middle 
adsorbate The addition of a few KCN crystals appeared to dimmish the 
oxidation of cysteme When the cysteme solution was treated before 
chromatography with hydrogen peroxide m the arrangement of Dent (8), 
the cysteic acid produced gave no more lodme-azide test 
Preliminary experiments with human fibrmogen revealed twm zones of 
lodme reduction, correspondmg to cystine and methionme, w^hen 0 01 cc 
of a hydrolysate (correspondmg to about 800 7 of the protem) was em- 
ployed This amount of protein contamed, accordmg to analj^ses m the 
hterature (9), about 9 7 of cystine and 21 7 of methionme 

Reducing Sugars 

In the course of a study of the sugars present in hydrolysates of purified 
cerebroside fractions from bram and spmal cord (10), a chromatographic 
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separation method similar to the one first described by Partridge ( 11 ) was 
employed Since the demonstration of the separated reducing sugars by 
means of ammoniacal silver nitiate ( 11 ) often gave equivocal results, it was 
replaced by a diffeient development method, namely, the production of 
brightly fluorescent spots bj^ condensation of the reducmg sugais wth 
m-phenylenediamme Tins reaction, briefly mentioned by Peigl (( 7 ) p 
409), appaiently is based on old observations on the formation of fluorescent 
substances fiom wi-phenylenediamme and various aldehydes ( 12 , 13) 

The papeis were, following separation, dried in air or for a short time at 
105°, sprayed wuth a 0 2 m solution of »i-phenylenediamine dihydrochlonde 
in 7G per cent ethanol, and heated for 5 minutes at 105° As little as 10 7 
of the individual sugars produced w'ell defined fluorescent spots when 
viewed undei a quartz lamp Arabinose, xylose, and ribose gave very 
strong orange-j^ellow fluoiescence, fucose, ihamnose, glucose, galactose, 
mannose, fructose, and sorbose produced a yellow fluorescence of varjung 
intensity The reactions given by galacturomc acid, glucosamine, maltose, 
and lactose were weak, but discernible, the reaction of ascorbic acid w'as 
very faint Polyhydroxj’- alcohols, such as sorbitol and inositol, did not 
react 

The solvents that could be used alone or m mixtures without impairment 
Df the production of fluorescence were n-butanol, collidme, pyridme, and 
iiacetone alcohol Phenol, morpholine, diethylene glycol, and dioxane 
nterfeied wnth the reaction 

In the investigation of the carbohydiates present m the cerebiosides of 
01 am and spinal coid and in various lipide preparations isolated m the 
jouise of the fiactionation of phienosm and kerasin (10), the piincipal at- 
tention was directed to the distinction between galactose, w'hich is the 
lonnal sugai constituent of ceiebrosides, and glucose, found m the spleen 
jerebrosides in Gaucher’s disease (14) These two sugars nin very near 
each other m most solvents (11) The solvent mixture which w^as found 
best suited foi the sepaiation and the development w^as butanol-pjTxdine 
1 part (by volume) of pyridine was mixed ivith 1 5 parts of water and 3 parts 
of «-butanol To the uppei layei w'hich separated, 1 moie pait of pjTi- 
dine w^as added and this mixture used for the chromatography The Bp 
values of galactose and glucose weie 0 33 and 0 37 respectively 

■^^Tnle the lipide studies are not yet concluded, the only sugar identifie 
so far was galactose No indication of the presence of appreciable amounts 
of glucose in prepaiations of phrenosm and kerasm and related fractions 
could be found This is in agreement wnth a very recent report on tissue 

ceiebrosides (15) 
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stnniAm 

Techniques arc described for the demonstration, foIIo^^mg chromatog- 
raph) on filler paper, of nifrogenous lipide constituents (choline, ethanola- 
minc, serine), sulfur-containing ammo acids (cysteine, cystine, methionine), 
and reducing sugars 
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CIIEiMISTRY OF THE CHICK EMBRYO 

V Tin: VCCUMULAIIOK OF C\TOCIIROME OXIDASE* 

MILIOX LEVY AND NELSON F YOUNGf 

(From (he Dcpnrtmcut of Chrmi'itrti, hew York Lniicrsity College of Medicine, 

A fit Yorl ) 

(Rtcei\c(l for publicilion, February 2, 1948) 

Tlie impoi tant position occupied by cytochrome oxidase m the present 
day concepts of oxidative mclabohsm led us to study its accumulation 
during the dc\clopmcnt of the chick embryo The data of Albaum and 
coworkers (1, 2) describe the incicase in c 3 dochiome oxidase only m terms 
of total amount No iclcvant data on weight oi other quantities are given 
vath which the amount of the oxidase could be lelated to the size of the 
actnelj growing organism at the time The changes in metabolism and 
development proceed in regular sequence and adequate description of the 
whole sequence of development requires that con elation be carried as fai as 
possible Tins has been the general aim of this senes of papers and the 
present report presents the results of the determinations of cytochrome 
oxidase on a large number of embryos whose ages range from 3 to 16 days 
of incubation 

Test System — Cj^ochrome oxidase activity has usually been estimated 
by measuring oxygen consumption m a system in which reduced cytochrome 
c IS supplied in excess by the addition of a reducing substance such as 
p-phenylenediamine, hydroquinone, or ascorbic acid The test system 
adopted for this study was the followmg mixture 0 4 ml of cytochrome c 
(0 6 mg ), 2 2 X 10~® mole, 0 4 ml of 2 per cent p-phenylenediamme, 1 0 
ml of a suspension of material to be tested, 0 2 ml of m phosphate buffer, 
pH 7 3 The reaction was carried out at 37 2° m Barcroft-M^arburg respi- 
rometers The p-phenylenediamine was tipped m from the side arm after 
temperature equilibration Oxygen consumption was measured for 1 hour 
The cytochrome c was sufficient to msure maximal oxidative activity (10) 
With each determination a contiol vessel was also mcluded which contained 
no added cytochrome c The oxygen consumption of tlus control vessel was 
subtracted from that of the vessel contaming cytochioine c and the differ- 
ence Was used as the measure of cytochrome oxidase activity 

The oxygen consumption m the control vessel is the sum of several fac- 
tors (1) basal respiration of the tissue, (2) autoxidation of p-phenylenedi- 
amine, (3) non-cytochrome oxidase catalysis w^hich is due to cjdochrome b 

* Aided by a grant from the Ella Sachs Plotz Foundation 

t Present address, Sloan-Kettering Institute for Cancer Research, New York 
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according to Stotz et al (10), (4) oxygen consumption due to cytochrome c 
already present in the tissue If the fourth of these factors is appreciable, 
then this vessel does not constitute a valid control for the estimation of oxi- 
dase activity From the folloivmg considerations, it was concluded that 
the cytochrome c already present makes no significant contribution to the 
oxygen consumption m the control vessel 

1 Cytoclirome c is very soluble and should be distributed throughout the 
aqueous phase of the system If any were left m intact cells m a local high 
concentration or attached to ^^macromolecules” ( 9 ) in a particulaily favor- 
able position to react inth the oxidase, then further grmding resulting in 
further dispersion of cytochrome c so attached sliould be reflected m de- 
creased oxygen consumption m the control vessel This effect xvas not 
observed even after long grmdmg in the homogenizers 

2 If we then assume that the cytochrome c is uniformly distributed and 
still contiibutes to the oxygen of the control, the addition of amounts of 
cj'tochrome c equal to that in the tissue should result m a measurable in- 
crease of oxidation From the figures of Potter and DuBois (7) we find 
that the 10 day embryo contains 3 0 7 per gm The addition of 0 3 7 of 
cytochrome c to a control vessel containing 100 mg of tissue from a 10 day 
embryo had no effect on the oxygen uptake 

3 Pottei and DuBois (7) reported at least a 6 -fold mcrease m cydochrome 
f content from 6 to 12 days During this time, it v ill be seen that a rise of 
»nly 50 per cent occurred m the control oxidation 

4 With concentrations of KCN reported by Stotz (10) to inhibit oxidase 
activity nearly completely, it was found that the control oxidation is m- 
hibited only 25 per cent, iihile that of the vessels containing optimal 
amounts of cytochrome c is inhibited about 80 per cent The more resist^ 
ant system of the control vessels thus exhibits the same cyanide insensitivity 
as that reported for cytochrome h 

Embryological Material — Fertile eggs (from New Hampshiie hens mated 
with Plymouth Rock cocks) collected m tiap nests and received within 48 
hours of laying were incubated at a temperature of 38 5° and at a relative 
humidity of 60 to 70 per cent The eggs were rotated twice a day and re- 
moved in groups of three for analysis 

Preparation of Tissues— Miev removal from the incubator the embryos 
xvere freed of extraembryonic membranes, dried superficially, and weighed 
They weie then ground with 9 volumes of 1 per cent saline in glass homogen- 
izers ( 8 ) Large embryos were minced in 9 volumes of saline in the Waring 
blendor for 23 seconds before being ground m the homogenizers Long 
treatment in the blendor was found to inactivate the enzyme 1 cc poi- 
tions (100 mg of tissue) of these homogenates vere pipetted into the ar- 
burg vessels for the estimation of oxidase aetmty 
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Results 

Table I Ehox\s llic cITcct of varj'ing (he amount of tissue in the test system 
u'ed for this studj' It demonstrates the strict propoitionality of the 
amount of tissue to the oxidase actn ity The lack of proportionality be- 
tween the ox-j'gcn consumption of the control vessels and the amount of 


Table I 

Oxygen Consumption by 10 Day Embryo Tissue Plus 8 Mg of p-Phenylenediamine 


Tijsue rx 

1 50 

! 

100 

1 150 

C)tochronic c u Y, 10' 

■I 

22 

0 

2 2 

0 

22 

0 used per hr 

l>ct 0 per 100 mg tissue 

c mm 

30 

c mm 

132 

204 

e mm 

61 

c mm 

258 

207 

c tnm 

69 



Table II 


Accumulation of Cytochrome Oxidase in Chick Embryos 


J>o ot embrjoj 
grouped 

A\ crage wet weight 

Age calculated 

Control emm 

0, per 100 Dig 
per hr 

Oxidase activity 
ejnm Or per lOO 
mg per hr 


ms 

days 



11 

12 1 

2 93 

38 


20 

73 1 


40 


g 

226 


38 

170 

8 

629 


39 

167 

8 

890 

7 26 

45 

168 

6 , 

1,110 


46 

167 

5 

1,305 

8 02 

49 

169 

13 

1,813 

8 75 

52 

193 

8 

2,854 

9 64 

60 

225 

13 

4,267 

10 9 

62 

273 

12 

7,035 

12 0 

62 

284 

12 

7,814 

12 7 

62 

316 

10 

10 560 

13 9 

67 

324 

10 

13,680 

14 8 

66 

334 

11 

16,230 

16 0 

68 

345 


tissue in each one reflects the varied natures of the factors contributing to 
the oxidation in these vessels 

A total of 157 embryos was used for this study Individual determma- 
tions were made on each except for very young embryos, m which case two 
or more were pooled to provide enough tissue for a determination (2 X 
100 mg ) 

The whole series was arranged according to weight and divided mto con- 
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venient groups acoordmg to size The average age of the group was calcu- 
med from the aveiage weight as recommended by Levy and Palmer (4) 
These data aie included in Table II which shows the average o\idase actm 
ties as well as the control values foi each gioup 


niscussioN 

Various workers have determined the diy v eight on chick embryos at 
various stages of development (6) Different breeds of chicks have shown 



Fig 1 Cytochrome oxidase activity per unit of dry weight against the calculated 
]$.go in days 


Table III 

Parameters of Phase Equations for Cytochrome Oxidase Accumulation 
Log c mm of 0: per mg per hour =» r<i + Oq log A 


Interphasc tunes, days 


Qq 





f ♦ 


(3 0)* j 

1 1 

1 

11 8 

I (16 0)* 


-3 5t 

-1 S 

1-3 3 1 

6 3t 

3 5 

5 1 1 


* The figures in parentheses indicate the beginning and end of the period of ex- 
perimental observations 

t The figures for this phase are based on two points only 


only minor differences in these values for a given age Smee Albaum and 
Worley (2) have indicated that the cytochrome oxidase activity of chick 
embryo tissue is proportional to the dry xveight, it seemed of mterest to plot 
the oxidase activity on a dry weight basis against time Fig 1 reveals that 
the oxidase activity is not proportional to the dry weight The dry weight 
figures used m these calculations are those of Murray (5) 

The description of growth data by appropriate equations relating the 
quantity measured, Q, to time, A, is a useful device The equation which 
we have used to describe the accumulation of matenal dunng growth is log 
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Q = ?(j + flg log .1 (3) It \\ as noted that at vaiious times (called mter- 
phaso tunes) it is necessan (o make ahiupt adjustment of the paiameteis 
7q and gq in ordoi to fit tlicd lUi Tins is usual mall forms of growth equa- 
tions coaering doxelopment V period in ^\hlch the paiameteis lemam 
unchanged is called a ph ise of growth m oui scheme A eatisfactorj modi- 
fication of the equation is obtained ha' combining equations foi the sub- 
stance of interest with those foi weight (11 ) (4) By plotting logaiithms 
of conccntrition (0/11 ) igainst logirithms of age, a lelative accumulation 
diagram lesiilts, the slopes and inteicepts of whose phases are simplj’-i elated 
to 1 q and gq of the iccumulation equations (4) 

^Mien the data of Table II ire plotted m the way described aboae, three 
phases of accumulation aic e\idcnt, with a fouith indicated by a single 
point The mterphasc times and phase accumulation parameteis aie 
shown m Table III as obt lined giaphicallj Each phase e\cept the earliest 
IS determined bj’’ at least four points falling on a stiaight line in the plot'of 
the log concentration (c mm of Oipermg perhoui) of cytochrome o\idase 
against the log age calculated (in days) The intei phase time at 4 3 days 
has appeared in all the entities measuied so far m the present senes, namely, 
■wet weight, nitrogen, dipeptidase, and ammopeptidase (4) The mter- 
phase at 11 8 daj's is present in nitrogen (11 5 days) and ammopeptidase 
(119 days) accumulation diagrams The significance of these times m 
terras of the metabolic and physiological activities of the embrjm is not 
evident The phase constants and mterphase times are to be regarded at 
present as descriptive devices The rapid use m oxidase activity begin- 
lung at the 8th day was noted by Albaum and Worley (2) 

SUMMARY 

1 The cytochrome oxidase activity in chick embiyos between the incu- 
bation ages of 3 and IG days has been measured 

2 Tlie data are used to constiuct accumulation diagrams and phases of ^ 
Constant multiplication rates in logaiithmic time aie demonstiated 

3 The cytochrome oxidase activity is not proportional to the dry w-eight 
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MIGRATION DURING HYDROLYSIS OF ESTERS OF 
GLYGEROPHOSPHORIC ACID 


1 TUL CI1I:MIC\L IiyDllOLISlS Ol I « glycerylphosphoryl 

CHOLINE* 

]i\ ERICH BAER and MORRIS KATESf 

{From the Banting and Best Department of Medical Research, University of Toronto, 

Toronto, Canada) 

(necci\cd for puldication, April 5, 194S) 

In view of tlie biologicnl significance of the lecithins and of the fact that 
^hey ha\e been knovn to tlie clicmist foi a hundred years (1), it is rather 
surprising that tliere should still remain doubts concerning the position 
of the phosphoiic acid Until recentl}" it has been assumed by most 
workers that lecithins could lie hydrolyzed chemically without causmg a 
cliange in the position of the phosphoiic acid and that the constitution and 
configuration of the lesultmg glimei ophosphoi ic acid would be identical 
iMtli that of the original phosphatide Thus the presence of a~ and /3- 
gb^cerophosphoric acids (a-GPA and /3-GPA) in the hydrolysis products of 
natural lecithins was intei preted as indicatmg the occurrence of both the 
« and p forms (2-4), and attempts were made to obtam these isomers m 
pure state (4-7) More lecent evidence (8-10), however, although not 
fully conclusive, seems to lie stiougly m favor of the occuiience of^a leveisi- 
ble phosphoric acid migration during the chemical h 3 drolysis of lecithins 
It was thought that an mvestigation of the acid and alkaline hydrolysis 
of L-a-glycerylphosphoi^dcholine (n-a-GPC), obtamable from autolyzed 
beef pancreas (11) and by synthesis (12), would provide information which 
might be useful in the elucidation of the leaction mechamsm underlymg 
the chemical hydrolysis of lecithins The use of this pure enantiomer as 
substrate makes it possible to follow the course of the hydrolj’-sis and 
especially the migration of the phosphoric acid group by phj^sical (optical) 
as w’ell as chemical means 


£-XPi,RIMENTAJ. 

Stibslrate — The L-a-glyceiylphosphoiylcholme used m this mvestigation 
was prepaied synthetically as aheady desciibed (12) 

* Au account of this u ork v as presented before the meeting of the Canadian Phys 
lological Society at London, Ontario, October 24-25, 1947 

t This paper forms part of a thesis which w ill be submitted by M Kates to the De 
Partment of Chemistry, University of Toronto, in partial fulfilment of the reqmre- 
aients for the degree of Doctor of Phdosophy 
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migration during mTaROLTSIS 


Aad Hydrolysis of ijra-Glycerylphosphorylclwhne 

Approximately 2 1 gm of L-a-GPC ([«]„ = - 2 9°) were dissolved m 10 
ml of distilled water, the solution was diluted -with 12 5 ml of 2 n hydro- 
chloric acid and made up to a volume of 25 ml The flask was transferred 
immediately to a watei bath at 37° (±0 2°) and the tune noted The con- 
centiation of the diestei (total phosphorus determmation) was 0 310 m and 



Fig 1 0 310 m solution of L-a glycerylphospliorylchohne in 1 n hydrochloric 

Bid (pH 0 3) at 37° (±0 2) Curve I, hydrolysis expressed in terms of percentage of 
lioline liberated, Curve II, observed changes in optical rotation, (-), 24°, 2 
Im tube, Curve HI, percentage of a-glycerol esters determined by periodic acid 
itration, tlurve W, calculated optical rotations vhich vould be observed if i- « 
IPC and L-a-GPA retain their full optical activity The rotations v ere calculated 
ly means of the folloiving equation calculated rotation = rotation(a arc) X (% “ 
3PC/100) -f rotation(„ qpa) X (% a-GPA/100), where rotationfa arc; = -0 51° (ro 
ation of the solution in a 2 dm tube at 0 hour, obtained by the extrapolation of 
Curve II), per centa GPC = 100 minus per cent of liberated choline (obtained from 
Curve I), rotation,, cpa) = -0 23° (rotation of a solution made up to resemble the 
final state of the hydrolysis solution, except that it contained pure l a GPA) and pw 
cent a-GPA = per cent of liberated choline (obtained from Curve I) minus (100 
minus per cent of a-glj’cerol ester (obtained from Curve III)) 


the pH (Beckman pH metei ) of the solution was 0 3 The changes during 
the hydrolysis weie followed by observing the libeiation of choline, the 
deciease m optical actmty, and the vaiiations in the «-glycerol ester con- 


° of CU,n^At various time mteivals a 1 00 ml aliquot of the 

1 i+iftn wa<? xvithdravTi, run immediately mto 25 ml of water conta g 

^ral of 1 N sodium hydroxide, and the pH it as adjusted to the Congo red 
0 ml of 1 N sodu^ ny , gravimetricaUy as remeckate 

Sd d^MitL with mgard to the liberation of chohne is 
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In view of the biological significance of the lecithins and of the fact that 
ley have been known to the chemist foi a hundred years (1), it is rather 
surprising that there should still remain doubts concernmg the position 
01 the phosphoiic acid Until lecently it has been assumed by most 
workers that lecithms could be hydrolyzed chemically without causmg a 
c ange in the position of the phosphoric acid and that the constitution and 
conhguiation of the lesulting glycerophosphoiic acid would be identical 
with that of the original phosphatide Thus the presence of a- and d- 
glyceiophosphoiic acids (a-GPA and /3-GPA) in the hydrolysis products of 
natural lecithins was inteipreted as mdicatmg the occurrence of both the 
“ and /3 fomis (2-4), and attempts were made to obtam these isomers in 
pure state (4-7) Moie lecent evidence (8-10), howevei, although not 
ully conclusive, seems to be stiongly m favor of the occuiience of a reveisi- 
Ple phosphoric acid migiation during the chemical hydrolysis of ^lecithms 
R was thought that an investigation of the acid and allcahne hydrolysis 
ot ^a-glyceiylphosphorylcholme (n-a-GPC), obtamable from autolyzed 
eef pancreas (11) and by synthesis (12), would provide mformation ivhich 
|n>ght be useful in the elucidation of the reaction mechanism underlymg 
he chemical hydiolysis of lecithms The use of this pure enantiomei as 
substiate makes it possible to follow the course of the hydrolysis and 
especially the migiation of the phosphoric acid group by physical (optical) 
us well as chemical means 


iyXPi-RIMEN'rAC 

The L-a-glycerylphosphoiylcholme used m this mvestigation 
was prepaied synthetically as aheady desciibed (12) 

Au account of this work u as presented before the meeting of the Canadian Phys- 
iological Society at London, Ontario, October 24-25, 1947 

t his paper forms part of a thesis which will be submitted by M Kates to the De- 
par ment of Chemistry, University of Toronto, in partial fulfilment of the require- 
^ s for the degree of Doctor of Philosophy 
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MIGRATION DURING HYDROLYSIS 


Acid Hydrolysis of i^a~Glycei ylphosphorylcholme 

Approximately 2 1 gin of L-a-GPC ([aJo = — 2 9°) were dissolved m 10 
ml of distilled water, the solution was diluted with 12 5 ml of 2 n hydro- 
chloric acid and made up to a volume of 25 ml The flask was transferred 
unmeduteb’’ to a iiatei bath at 37° (±0 2°) and the tune noted The con- 
tentrition of the diester (total phosphorus detennmation) was 0 310 ir and 



JbiG 1 0 310 it solution of L-a-glycerylphospliorylcholme in 1 n hydrochloric 

ncul (pH 0 3) at 37° (±0 2) Curve I, hydrolysis expressed in terms of percentage of 
choline liberated, Curve II, observed changes m optical rotation, od (~), 3I°i 2 
dm tube, Curve III, percentage of a-glycerol esters determined by penodic acid 
titritiou. Curve IV^ cdculated optical rotations iihich viould be observed if n a 
GPC and n a-GPA retain their full optical activity The rotations nere calculated 
by me ms of the follow ing equation calculated rotation = rotationja arc) X (% “ 
GPC/IOO) -F rotation(a QPA) X (% a-GPA/lOO), where rotatioufa arc) = -0 51° (ro 
titioii of the solution in a 2 dm tube at 0 hour, obtained by the extrapolation of 
Curve II), P®^ a-GPC = 100 minus per cent of liberated choline (obtained from 
Curve I), rotation(a qpa) = —0 23° (rotation of a solution made up to resemble the 
fiu vl st ite of the hydrolysis solution, except that it contained pure h-a-GF A.), and 
cent a GPA = per cent of liberated choline (obtained from Curve I) minus (K® 
nunus per cent of ot-glycerol ester (obtained from Curve III)) 

tlie pH (Beckman pH metei) of the solution was 0 3 The changes during 
the hydrolysis weie followed by observmg the hbeiation of choline, the 
deciease m optical actmty, and the vaiiations m the a-glycerol ester con- 
tent 
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tjliowii gripiiit.ill} mi'ig l,Cui\c[ The values foi the leaction constant 
[L = (2 303/0 log (co/c)] indic ile a fust oiclei reaction, the h values at 48, 
IbS, 31S, ISO, 69G, 13bS, and 1821 minutes vveic 1 22, 1 23, 1 25, 1 17, 
1 15, 1 17, and 1 01 X 10“’ respectiv elj’- Up to 80 pei cent hydiolysis 
the iverage \ due of /i- was 1 2 X lO-’ The tmve requned foi the libera- 
tion of one-half of the choline was lOhouis The hydiolysis was pi actically 
complete in 70 hours 

Optical Actuilij — ^.Vt intcivMls, a poition of the solution w'as tiansferied 
to a 2 dm tube ind the rotation determined at room tempeiatuie (24-25°) 
The contents of tlie tube were retuined to the original solution The 
changes m rot ition arc sliowm in Fig 1, Cui've II 

Percentage of a-Glyccrol Estcis— At inteivals a 1 00 ml aliquot was with- 
drawn and diluted to a volume of 100 0 ml The total a-glycerol ester 
content was deteiTniued on a 10 ml portion of the diluted solution by 
titration with pei iodic acid according to Voiis, Elhs, and Maynaid (13) 
To insure thit no eirors due to dilution oi concentration were mvolved, 
the total phosphoiois was determined on each aliquot and these values were 
used for the calculation of the amount of a-GPC origmally piesent The 
periodate titration deteimmes the sum of a-GPC and a-GPA present 
(see Fig 1, Curve III) At the end of the hydrolysis the content of a- 
glycerol ester (a-GPA) reached a constant vmlue of 91 ± 1 per cent 

To permit comparison wuth the hydrolysis pioducts of natural lecithins, 
the glycerophosphoi ic acid mixture, obtained by acid hydrolysis of L-a- 
GPC, was isolated 

Isolation of Glycerophosphonc Acid Mtxlwe /Is Baiium Salts ^A solution 
of approximately 1 7 gm of the diester m 7 ml of distdled water was diluted 
With 10 ml of a 1 97 N hydiochloiic acid and made up to a volume of 20 ml 
The flask and contents wcie tiansferred to a watei bath at 37 (±0 2 ) 
The concentiation of the diester (total phosphorus) was 0 302 m and the pH 
of the solution was 0 2 -\.t the end of 110 hours at 37 the lemamder of the 

solution (appi oximately 19 ml ) was freed from chloiide ion by trituratmg 
With 2 3 gm of silver oxide in the presence of 1 ml of concentrated acetic 
acid, the excess silvei ion was removed with hydrogen sulfide, and accordmg 
to Folch’s proceduie (14), the glycerophosphonc acids were isolated m the 
form of barium salts The barium salt mixture, after drymg at 100 in a 
vacuum of 0 1 mm of Hg over phosphorus pentoxide for a period of 2 
hours, weighed 1 15 gm (coriespondmg to a 75 per cent recovery of the 
glycerophosphonc acids) and the analysis proved it to be the barium salt 
of glycerophosphonc acid 

CsHjOePBa (307 5) Calculated, P 10 08, found, P 10 00 
The a-glycerophosphate content of the barium salt mixture was obtamed 
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by titration with periodic acid (13) Piior to the titiation, the baiium ion 
was removed with sodium sulfate After 1 hour, 0 0380 mM of glycero 
phosphate had consumed on the average 0 0333 mM of periodic acid, indi- 
cating the piesence of 88 pei cent of a:-glycerophosphate The optical 
lotation of the baimm salt mixture m 2 n hydrochloric acid was [ajl* ~ 
—0 26° (c, 10 0) A compaiison of this rotation with that of pure L-a- 
baiium glyceiophosphate (15) in 2 n hychochloric acid, [aJn = —145° 
levealed that 18 per cent of the total glyceiophosphate was L-a-glycero- 
phosphate Thus the mixtuie of barium glycerophosphates obtained by 
acid hydrolysis of pine L-a-glyceiylphosphorylcholme had a composition of 
88 per cent a-glyceiophosphate (18 per cent of L-a-glyceiophosphate, 70 
pel cent of Dii-ai-glycerophosphate) and 12 per cent of j3-glycerophosphate 
The information given m Curve I (free cholme) and Cuive III (content 
of a-glyceiol ester) peimits the calculation of the composition of the 
hydiolysis solution at any given time m terms of a-GPC, a-GPA, and 
^-GPA Assummg that the a-GPG and a-GPA retam their full optical 
activity, the rotational changes to be expected under these circumstances 
can be calculated for the entire course of the hydrolysis (Pig 1, Curve IV) 

A comparison of the hypothetical curve with the experimental curve 
(No II) leveals that the observed optical activity decreases at a greater 
late than would be expected if the loss were due only to an a migration 
of the phosphoric acid The piogiessively mcreasmg loss m activity is a 
direct indication of the leversibility of this shift 
Fiom the woik of Badly (9), Verkade, Stoppelenburg, and Cohen (16), 
and Chaigaff (17), it is known that a-GPA m acid solution undergoes an 
mtramolecular leaiiangement, resultmg in the formation of an equilibrium 
muxtuie of a- and /3-GPA It was therefore quite possible that the acid 
hydrolysis of n-a-GPA would follow a course expressed by Equations 
1 to 3 


( 1 ) 

( 2 ) 

(3) 



It was mterestmg to know whether this reaction mechanism was rec^ 
oncilable with the changes observed on solutions of n-a-GPC ^ J 

hydrochloric acid The reaction constapts^ ko and kz were obtained y 
followmg the changes m optical activity (fes) and content of a-gycer 
ester {k^+ Iz) of a 0 3 m solution of n-a-GPA m 1 n hydrochloric acid a 37 
over a period of 90 hours By means ,of the experimentally dete 

1 The expenmental details will be reported elsewhere 
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values of Ki (1 2 X 10-=>), (2 5 X 10"^), and As (2 2 X 10-=>), the changes 

m optical activity and content of a-glycarol ester whieh should occur if 
Equations 1 to 3 do actually dcsciibe the acid hydrolysis of L-a-GPC were 
cilculated The obseivcd rates at which the optical activity and the 
«-glycciol ester dcei eased ueie far gi eater than those piedicted by calcula- 
tion, indit iting th it Equations 1 to 3 are inadequate to describe fully the 
reaction mechanism undei lying the hydiolysis of L-a-GPC Although some 
of the phosphoiic acid migiation may occur in this way, the gi eater rate 
of change of the observed values suggests that the major pait of the migia- 
tion must take place while the choline ester is still intact, piesumably via a 
cyclic ortho estci (I) as outlined m Equations 4 to 7 and m the accompany- 
ing scheme 


(4) 

(5) 
( 0 ) 
(7) 


iwa GPC ^ cyclic ortho l-GPC 
Cyclic ortho c-GPC — > /3-GPC 
GPC — > cyclic ortho dl-GPC 
Ci clic ortho dl-GPC dl-ot-GPC 


The actual mechanism of the acid hydi olysis may be still further com- 
plicated by the fact that all substances in Equations 4 to 7 can, at least 

H:C— OH 

I 0 OH 

HC— OH II ( 

1 /P— 0— CHi— CH, N(CH,), 

H,C-0— / 1 

OH 


(7) 


(4) 


HjC— OH 

1 


OH 

HC— 0— 

X / < 

1 

,P 

— 0— 

H,C— 0— 

^ \ 


OH 


Oj 

If (6) 

HjC— OH 



1 

HC— 0— 
1 

/OH 
X / 

Xp O 


OH 


(D 


OH 


HjC — OH 


O 


theoietically, lose choline, forming the corresponding glycerophosphoric 
acids, which then equilibiate according to Equations 8 and 9 

® T ^ nT>A — ^ cychc ortho l-GPA 


(9) 


L-a-GPA r 
DL-a-GPA 


cyclic ortho dl-GPA 


^-GPA 
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by titration with periodic acid (13) Prior to the titration, the barium ion 
was removed with sodium suh'ate Aftei 1 hour, 0 0380 mu. of glycero 
phosphate had consumed on the average 0 0333 mji of periodic acid, mdi- 
catmg the piesence of 88 pei cent of a-glycerophosphate The optical 
rotation of the baiium salt mixtuie in 2 n hydiochloric acid was [a]l* = 
—0 26° (c, 10 0) A compaiison of this rotation with that of pure L-a- 
baiium glycerophosphate (15) m 2 n hydrochloric acid, [aJn = -145°, 
revealed that 18 per cent of the total glycerophosphate was L-a-glycero- 
phosphate Thus the mixture of barium glycerophosphates obtained by 
acid hydrolysis of pure L-a-glycerylphosphorylcholine had a composition of 
88 per cent a-glyceiophosphate (18 per cent of L-a-glycerophosphate, 70 
per cent of DL-a-glycerophosphate) and 12 per cent of /3-glycerophosphate 
The infonnation given m Cuiwe I (free cholme) and Curve III (content 
of a-glyceiol ester) permits the calculation of the composition of the 
hydrolysis solution at any given time m terms of a-GPC, a-GPA, and 
/3-GPA Assummg that the a-GPC and a-GPA letam their full optical 
activity, the rotational changes to be expected under these circumstances 
can be calculated for the entire course of the hydrolysis (Fig 1, Curve IV) 
A comparison of the hypothetical curve ivith the experimental curve 
(No 11) reveals that the observed optical activity decreases at a greater 
rate than would be expected if the loss were due only to an a — » /3 migration 
of the phosphoric acid The progressively mcreasmg loss m activity is a 
direct indication of the reversibility of this shift 
From the work of BaiUy (9), Verkade, Stoppelenburg, and Cohen (16), 
and Chaigaff (17), it is known that a-GPA m acid solution undergoes an 
mtiamoleculai reaiiangement, lesultmg m the formation of an equilibrium 
mixture of a- and /3-GPA It was therefore quite possible that the acid 
hydrolysis of n-a-GPA would follow a course expressed by Equations 

iwx-GPC — — — > Xi-a-GPA -h choline 

L-a-GPA — /3-GPA 

k, 

P-GPA ;x,. nn-a-GPA 


1 to 3 
( 1 ) 

(2) 

(3) 


It was mterestmg to know whether this reaction mechanism was rec- 
oncilable with the changes observed on solutions of L-a-GPC m I N 
hydrochloric acid The reaction constants^ h and /L, were obtained y 
followme the changes m optical activity (h) and content o “-gV 
fnr a q- A,,) of a 0 3 m solution of n-a-GPA m 1 n hydrochloric acid at 3 
1 pmrf of 90 hours By means ,of the experunental.y delmmmal 

I The experimental details will be reportecj elsewhere 
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values of (1 2 X 10-*), (2 5 X lO-*), and h{22X 10-*), the changes 

in optic il activity and content of a-g!yccio! ester which should occur if 
Equations 1 to 3 do ictu ill> desenbe the acid hydrolysis of L-a-GPC were 
calculited Ihc obscued rates at which the optical activity and the 
a-glj'terol C'-ter decic ised wcic far gi eater than those predicted by calcula- 
tion, indie itiiig til It Equations 1 to 3 are inadequate to describe fully the 
reaction mcch inibm undci lying theh 3 'diol 3 sis of L-a-GPC iU though some 
of the pliobphoi 1C acid migiation may occur in this w'ay, the greater rate 
of change of the ob^rved values suggests that the major part of the migia- 
tion must take place while the choline ester is still intact, piesumably via a 
cjclic ortho estei (I) as outlined m Equations 4 to 7 and m the accompany- 
ing scheme 


(4) 

(5) 
(G) 
(7) 


L-a GPC ^ ciclic ortho l-GPC 
Ci die ortho l-GPC — > ^-GPC 
B GPC — > cj die ortho DC GPC 
Cj die ortho di^GPC OL-a-GPC 


The actual mechanism of the acid hydiolysis may be still further com- 
plicated by the fact that all substances m Equations 4 to 7 can, at least 

H C— OH 

1 0 OH 

HC— OH II ( 

I /P— O— CHj— CH, N(CH,), 

HjC—O— / I 
OH 


(7) 
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H,C— OH 
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HC— 0— 
1 

H,C— 0-- 

OH 

\p— 0— ( 

OH 


(5)j 

1 \ 

HiC— OH 



1 

HC— 0— 
1 

/OH 

\p— 0— 1 

II 


OH 


(I) 


OH 


HjC— OH 


theoretically, lose choline, forming the corresponding glycerophosphoj,jQ 
acids, which then equilibrate according to Equations 8 and 9 


(8) 


li-a-GPA cyclic ortho c-GPA — > 
DL-a GPA ^ cychc ortho di>GPA 


/3-GPA 


( 9 ) 
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The piesent data are, however, insufficient to establish ^ith certainty the 
mechanism, outlmed by Equations 4 to 9, for the phosphoric acid migra- 
tion 


Alkaline Hydrolysis of h-a-Glycerylphosphorylckohne 

Approximately 2 3 gm of the oily diester were dissolved m 10 ml of 
water, the solution was diluted with 12 5 ml of 2 h sodium h 3 droxide and 
made up to a volume of 25 ml The flask was transferred immediately to a 
water bath at 37° (dbO 2°) and the time noted The concentration of the 
diester (total phosphorus) was 0 336 m and the pH of the solution was 
10 5 



Fig 2 0 336 m solution of L-a-glycerylphosphorylcholine m 1 ^ sodium hydro\ide 

(pH 10 5) at 37° (±0 2°) Curve I, percentage of hydrolysis expressed m terms of 
choline liberated, Curve II observed changes in optical rotation, (— ), 24°, 2 dm 
tube, Curve III, percentage of a-glycerol esters determined by periodic acid titra 
tion 


Liberation of Choline— At various mteivals a 1 00 ml ahquot was with- 
drawn and run into 25 ml of water contammg 1 ml of 1 n hydiochlonc acid 
and the free cholme determmed gravimetiically m the form of its remeckate 
(Fig 2, Curve I) The rapid liberation of cholme m alkalme solution made 
it difficult to obtam a sufficient number of pomts on the hydrolysis curve 
However, the course of the liberation of cholme m this medium approaches 
that of a first order reaction With mcreasmg time the reaction cons n 
shows a distmct shift to low er values At 42, 210, and 330 
1 49 y 10-' 1 16 X 10-'. and 0 95 X lO"', respectively The m 
quued for the liberation of one-half of the cholme was 0 9 hour ^ 
SySyS IS practicaUy complete m 7 houis, a tenth of the time reqmred 

for the acid hydrolysis of L-a-GPC 
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Optical Acliuly—L'ho meaburcincnts ^\ele earned out as described above 
bmee m allvalme medium the optical activity of L-a-GPA is immeasurably 
small, the obsen cd changes m rotation arc due entnely to the disappearance 
ot L-a-Cii G For this reason the rate of change in rotation corresponds 
closely to tliat of the liberation of thohne (see Fig 2, Curve II) The 
specific rcittion constants and half life period calculated from the optical 
values iicre ^ = 1 2 X 10"^ (30 minutes). 1 1 X 10"= (174 mmutes), and 
ij approximately 1 hour, respectively 
Percentage of a-Ghjccrol Filters — ^/it various mtervals a 1 00 ml aliquot 
was wthdraiin and run into a 100 ml volumetric flask contammg 1 ml of 
I n hydrochloric acid in SO ml of water and made up to volume The total 
phosphorus and the combined a-glycerol ester contents were detennmed as 
described above Curve III in Fig 2 presents graphically the changes m 
the total a-glycerol ester content At the end of the hydrolysis the content 
0 a-glycerol ester (a-GPA) reached a constant value of 44 ± 0 5 per cent 
Isolation of Gbjeerophosphone Acid Mixture As Barium Salts— At the end 
of the 6th day the remainder of the solution (approvimately 8 6 ml ) was 
neutrahzed to litmus with acetic acid and, accordmg to Folch’s procedure 
U-1), the glycerophosphoric acids isolated as a barium salt mixture The 
dried barium salt (0 1 mm , 100°, 2 hours over PjOs) w^eighed 0 80 gm , 
correspondmg to a 90 pei cent recovery of the glycerophosphoric acids’ 
and upon analysis proved to be the barium salt of glycerophosphoric acid 

CjHjOcPBa Calculated, P 10 08, found, P 10 1 

The a-glycerophosphoric acid content of the barium salt mixture was 
ascertamed by periodic acid titration (13) after removal of the barium ion 
wth sodium sulfate At the end of 1 hour 0 0395 mar of glycerophosphate 
d consumed on the average 0 0160 mM of periodic acid, mdicatmg the 
40 5 per cent of a-glycerophosphoiic acid The optical rotation 
° he barium salt mixture m 2 n hydrochloric acid was [aJn = —0 29° (c, 

)i revealmg that approximately 20 per cent of the total glycerophos- 
P ate consists of L-a-glycerophosphate Thus the mixture of baiium 
g ycerophosphates, obtamed by alkalme treatment of pure L-a-glyceryl- 
P osphorylcholme foi 144 hours, has a composition of 20 per cent of L-a- 
g ycerophosphate, 20 pei cent of nn-a-glycerophosphate, and 60 per cent of 
P-glycerophosphate 


DISCUSSION 

The mvestigation of the acid and alkalme hydrolysis of L-a-GPC has 
revealed that m both cases a reversible migration of phosphoric acid 
accompanies the liberation of cholme, resultmg m the formation of u-a-, 
r^L-a-, and ^-GPA The equihbrium ratios of a- and /3-GPA are a function 
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of the pH, the a form piedommatmg on acid hydrolysis and the )3 form on 
alkaline hydiolysis It is peculiar that the alkaline hydrolysis of methyl 
glycerophosphate (8), the acid treatment of /3-glycerophosphate (9), the 
acid and alkalme hydrolysis of vaiious components of bram cephalm (10), 
and the chemical hydrolysis of natural lecithins (2, 4) produce matures of 
<x- and ^-GPA similai in composition to those obtamed by hydiolysis of 
L-a-GPC under comparable conditions, i e , predominance of the a form 
on acid hydrolysis and of the /3 form on alkalme hydiolysis, unless some 
common factor is mvolved 

The chemical hydrolysis of L-ct-GPC yields the a-GPA m a partially 
lacemized state due to the reveisible ^ihosphonc acid migiation It should 
be recalled that the a-GPA isolated fiom feimentation oi glycotysis mix- 
tures by Meyeihof and IGesslmg (18) possessed the full optical activitj 
of the pure synthetic L-a-GPA (15) The comparison was conducted on 
the dimethyl ether-dimethyl ester, nhich exhibits a consideiably augmented 
optical rotation Thus it is possible to isolate from natural sources a-GPA 
wnth full optical activity if undue exposure to acids, and particularly alkali, 
IS avoided In the case of a-GPA derived from natural lecithms (2), the 
most active preparations have had at best only 60 per cent of the activity 
of the optically pure a-GPA (15) It becomes highly significant that the 
optical activity of the a-GPA obtained by chemical hydiolysis of lecithins 
IS considerably lower than that of the same material isolated from fennenta 
tion or glycolysis mixtures, especially smce it is now established by the 
results presented m this paper that the chemical hydrolysis of n-a-GPC 
yields also a partially racemized a-GPA 
These observations suggest strongly that the chemical hydrolysis of 
lecithins is mevitably accompanied by a reversible phosphoiic acid migra- 
tion Hence, the presence of a- and /3-glycerophosphoric acid m the 
hydrolysates of lecithins cannot be considered an}’- longer as an adequate 
proof of the simultaneous occuirence of a and p foims m the original 


lecithm 

Nevertheless, the natural occunence of a-lecithms is firmly established 
Kairer and Salomon’s (2) observation that a-GPA, obtained from lecithms 
by allcaUne hydrolysis, exhibits (as dimethyl ether-dimethyl ester) optica! 
activity was the first entnely convmcmg demonstration of the occurrence 
of a-lecithms Only an optically active a-lecithm can, on hydrolysis, yield 
optically active a-GPA, smce the a-GPA formed from ^-lecithins by acyl 
mi'wation must be racemic The more recent isolation of n-a-GPC from 
autolyzed beef pancreas (11), m which it is doubtless formed by enzymatic 
hydrolysis of a-lecithins, and the isolation of optically active dipalmito} 
lecithm from Cyshcerciis fasciolans (19), from lung tissue (20), and from 
brain and spleen (21) are further evidence for the natural occurrence 


a-lecithins 
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On the other haud,4i one ictallb that the asbuinptioii of the natural 
occurrence of /3-lecithins ib based solely on the isolation of /3-glycerophos- 
phoric acid, the formation of which can also be accounted foi by phosphoric 
acid migration dining hydiolysis, one ib forced to admit that at the present 
time conclusive evidence foi the natural existence of )3-lecithins is lackmg 
It IS obvious fiom the data presented in this paper that analytical pro- 
cedures involving chemical hydiolysis cannot be relied upon to reveal the 
true constitution of lecithins oi ccphalms 
It is hoped that by studying the enzymatie hydrolysis of s 3 Tithetic a- 
, lecithins of known constitution and configuiation analytical procedures 
may be developed which will establish unequivocally the constitution and 
configuration of the naturally occuiring compounds The synthesis of 
some of these lecithms has alieady been accomplished m this Laboratory, 
and that of others is m progiess 


SUMMAm 

1 The libeiation of choline fiom a-glycerylphosphorylchohne m 1 n 
hydrochloric acid and in 1 n sodium hydi oxide at 37° has been mvestigated 
The reaction is of fust older m both media The time required for the 
liberation of one-half of the choline is, under the above conditions, 10 hours 
and 0 9 hour, icspectively 

2 The removal of choline both in acid or alkahne medium is accom- 
panied by a reversible a — > phosphoric acid migration At 37° a constant 
ratio of a- to /3-glycerophosphoric acid is leached m 1 N hydiochloric acid 
after approximately 100 hours and m 1 N sodium hydroxide after 10 hours 
The solutions m the equilibrium state contam 91 (±1) per cent and 44 
(rfcO 5) per cent of a-glycerophosphoric acid, respectively 

3 A mechanism to account for the various changes observed during the 
hydrolysis of L-a-glycerylphosphoiylchohne is suggested 

4 The occunence of a reveisible migration of phosphoric acid accom- 
panying the chemical hydrolysis of glycerylphosphorylcholme, when con- 
sidered with other evidence, leaves no doubt that a similar migration takes 
place during the chemical hydrolysis of lecithms Analytical procedures 
involving chemical hydrolysis and mvestigation of the glyceiophosphonc 
acid mnctuie cannot be relied upon to reveal the constitution of the glyceio- 
phosphoric acid moiety of the oiigmal lecithin 

5 Theie is conclusive evidence foi the natuial occurrence of a-lecithms 
The existence of /3-lecithms, howevei, is unsubstantiated The ^-glycero- 
phosphoric acid, whose isolation was the only evidence suggestmg the 
existence of /3-lecithms, is, for the most part, an artifact 

The authors wish to express their gratitude to the Bantmg Research 
Foundation for grants to one of us (M K ) durmg this mvestigation 
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It has leteiitly been leported b3’’ Doudoioft, Baiker, and Hassid (1) 
that an e\clunge occurs betiieen the phosphate gioup of glucose-l-phos- 
phate and moiganic phosphate m the presence of suciose phosphorylase 
and in the absence of acceptor On tlie basis of this exchange, they postu- 
late a mechanism involving the formation of an enzyme-glucose complex, 
thus endowing the enzyme with the ability to transfer glucose to fructose 
and other acceptors, viz , 

Gliicose-l-phosphatc 4- enzyme enzyme-glucose -b phosphate 
Enzyme glucose -f- fructose enzyme -h sucrose 

This mechanism has been confiimed by these authors by studying the re- 
action with ai senate (2) Wlien glucose-l-phosphate, enzyme, and ar- 
senate weie mixed, again in the absence of acceptor, free glucose was formed 
This could only have been due to the spontaneous decomposition of glu- 
cose-l-arsenate Thus, the arsenate must have exchanged with the 
phosphate through the intermediate formation of an enzyme-glucose com- 
plex 

The proposed mechamsm which might be described as an exchange of 
a bond between substiate and enzyme defines the natuie of the substrate- 
enzyme interaction m contrast to the usual formulation which merely 
postulates the formation of an enzyme-substrate complex This type of 
mechamsm expressed in a generahzed form, namely, 

A-B -f- enz 3 rme enzyme-A -f- B 

might well be apphcable to other enzymatic leactions 

It seemed of interest to test the validity of this mechanism for the mode 
of action of muscle and potato phosphorylase and consider the possibility 
that A may be either glucose or phosphate No exchange was found to 
occur between inorganic phosphate (labeled with P“) and glucose-l- 
phosphate in the presence of muscle oi potato phosphorylase when the addi- 
tion of polysacchaiide as acceptor was omitted The absence of exchange 
was confirmed m the case of potato phosphoiylase by the failure of ar- 
senate to yield free glucose m a reaction mixture conta m i n g glucose-1- 
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mechanism of phosphorylase action 

phosphate but no acceptor Theie was also no exchange of glucose (labeled 
wth C^’) with glucose-l-phosphate duiing enzymatic synthesis of polysac 
chaiide by muscle phosphorylase The labeled glucose did not exchange 
with glycogen either m this system, which piecluded a mechamsm involv- 
ing the tiansfei of a glucosidic bond through an interaction of enzyme 
and polysacchaude primei 

One fuithei possibihty was exploied, namely, that an exchange might 
occur between adenylic acid which activates muscle phosphoiylase b and 
inorgamc phosphate No exchange was observed Thus the mechanism 
of enzyme action mvolvmg the type of bond transfei exhibited by sucrose 
phosphorylase is not apparent foi the phosphorylases mvestigated in the 
piesent study and the extent of its applicability to othei enzyme reactions 
awaits further investigation 


EXPERIMENTAL 

Sepal ahon of Phosphaies — ^The inoiganic phosphate and glucose-l- 
phosphate in the leaction mixtures were separated as baiium salts at pH 
8 5 to 9 Inoiganic phosphate was contained m the precipitate, glucose- 
l-phosphate m the supernatant fluid 
The precipitate was ledissolved in dilute HCl and the precipitation at 
pH 8 5 to 9 was repeated The resulting precipitate was dissolved, barium 
was removed ivith NajS04, and the inorganic phosphate was then precipi- 
tated as the ammonium magnesium salt After bemg washed with am- 
monium magnesium muxtuie, this fi action contamed no organic phosphate 
To the soluble barium salts moiganic phosphate was added (in order 
to dilute contaminatmg inoiganic and again removed by precipitation 
at pH 8 5 to 9 This was repeated seveial times After lemoval of the 
baiium the solution was found to contain besides glucose-l-phosphate a 
small amount of orthophosphate (1 to 8 per cent of the glucose-l-phosphate) 
as deteimmed by the Fiske-Subbaiow method (3) All values of radio- 
activity of glucose-l-phosphate hsted in Tables I and II aie corrected for 
the slight contammation which nevei exceeded 0 6 pei cent of the ortho- 
phosphate ladioactivity 

In experiments in which the phosphoiylase reaction had gone to equi- 
librium, the recovery of glucose-l-phosphate could be improved by reraova 
of the synthetic polysacchaude before fiactionation with barium Very 
little phosphate was removed ivith the polysaccharide -when the latter was 
precipitated at pH 5 in 50 per cent ethanol The supernatant fluid was 
then brought to pH 8 5 to 9 with Ba(OH)2 and more ethanol was added to 
raise its concentration to 66 per cent The resultmg precipitate n 
contained morgamc phosphate and glucose-l-phosphate was separa 
mto the two fractions as described above 
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Exchange of Glucobc-I-Phoephalc and Inoigantc Phosphate — It will be 
seen m Table I that m the aliquot to which staich had been added as a 
pmner in the picsence of potato phosphoijdase the reaction attained 
equilibrium and that inorganic phosphate and glucose-l-phosphate had the 
same radioactn ity (035 and G30 counts pei minute pei mji, lespectively) 
Without addition of piimcr, hoiieier, no leaction took place and the glu- 
cose-l-phosphate showed no ladioactmty It wall be noted from Table I 
that this was also the case in the experiment m which muscle phosphorylase 
seiwed as catalyst Wien a suboptimal amount of piimer was added (12 
mg per cent of glj cogen) the leaction was still fai fiom equihbiium, but 
nevertheless the isohted glucose-l-phosphate had some radioactivity 
(17 counts per minute per mM), showing the extent to whieh the reverse 


Table I 

Exchange of Inorganic Phosphate (P^^) with Glucose-l-phosphate 


1 

Enzyme 

Poly- 

saccharide 

ReacUon mixture 

Tunc 

Inorgamc phosphate 

Glucose'l phosphate 


mg per cent 

mm 

mtcromolcs \ 
per ml 

counts per | 
mtn per 

micromoles 
per ml 

counts Per 
mm per mss 

Potato phosphorylase 


Initial 1 

5 2 

2245 

12 7 

0 


N one 


5 2 

2290 

12 7 

4 


125* 


14 3 

635 

4 0 

630 

Crystalline muscle-plios- 


Initial 

12 2 

2040 

26 8 

0 

phorylase a 

None 

B9 

12 1 

20S0 

25 7 

0 


12t 


15 7 

1500 

21 4 

47 




25 4 

745 

11 0 



* Soluble starch 
t Glycogen 


reaction (glycogen -H morganic phosphate — > glucose-l-phosphate) had 
taken place With high concentration of primei (250 mg per cent of 
glycogen) equihbrium w^as leached m the presence of muscle phosphorylase 
In this expel iment the polysaccharide was not lemoved before fractionation 
and the recovery of glucose-l-phosphate was so low that its radioactivity 
could not be measured 

Exchange of Glucose-1 -Phosphate with Glucose — In the experiment sum- 
marized in Table II the phosphorylase reaction was allowed to go to equi- 
hbrium in the piesence of glucose containmg C“ Glycogen was added to 
prime the reaction After precipitation of the polysaccharide with 50 
per cent ethanol, the phosphates were precipitated from the alcoholic 
fluid as barium salts and separated as already described The isolated 
glucose-l-phosphate was found to contain no radioactivity Glucose 
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remamed m the 66 per cent alcoholic supernatant solution Air was 
bubbled through the solution to remove the ethanol and the barium was 
precipitated with sulfuric acid The amount of glucose m the solution 
vas determined by the Nelson method (4) The glucose was found to 
have the same ladioactmty m the experimental and control samples 
No exchange w ith either glucose-l-phosphate or wuth glycogen could have 
taken place 

Exchange helween Adenyhc Acid and Inorganic oj Glucose-1 -Phosphate— 
Muscle phosphoiylase h, which is active only when adenylic acid is added, 
was the enzjme used in this expeiiment as mdicated in Table III The 
reaction mixture contained imtially 16 micromoles of glucose-l-phospbate 


Table II 

Exchange of Clucoso (S75S Counts per Minute per Mg ) with Glucose-l-phosphate and 
Glycogen in Presence of Muscle Pkosphorylase a 



l^ecovexed glucose 

1 

Recovered glucose- 
1 phospE&te 


counts per mu per ms 

counts p T miu pa mi 

Control (no enzyme) 

3S05 

0 

Experimental 

3835 

0 


Table III 

^Exchange of Inorganic Phosphate (P^-) with Adenylic Acid in Reaction of Glucose 1 
phosphate and Glycogen in Presence of Muscle Pkosphorylase b 



1 Inorganic phosphate 

Ribose phosphate 

Control (no enzyme) 

Experimental 

c<funls pa mtn per niu ! 

2090 I 

mo 1 

counts per intu per mit 

0 

0 


and 5 5 miciomoles of adenyhc acid per ml The reaction w^as allowed 
to go to equilibrium m the presence of (orthophosphate) and hence 
there was mcoipoxation of m gIucose-1 -phosphate Then the reaction 
mixtiue was made 1 0 N with HCI and heated to 100“ for 7 mmutes This 
led to hydrolysis of glucose-l-phosphate and left iibose phosphate (derived 
from adenyhc acid) as the sole water-soluble barium phosphate After 
isolation of the iibose phosphate by the procedure described for the 
isolation of glucose-l-phosphate, its ribose content (5) and phosphate 
content (3) wei e found to be m good agreement There was no radioactivi y 
iound m the ribose phosphate The radioactivity values of the 
phosphate given m Table III were measured after the hydrolysis of glucose- 

l-phosphate- 
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ijUJtltVIU 

No c\chingc occiinod betweeu moigaiiic phobphiite and glucose-l- 
phobph do m the probonLo of inubclo pliobirhoiylase a or potato phos- 
phorylibc m the abbonce of polybacchai ide as acceptor Furthermore the 
phobphate of ulenyhc icid did not interchange m a complete reaction 
mi\ture cont lining iiioiganic pliobphate (P’-), gliicobe-l-phosphate, glyco- 
gen, nnd muscle phobpliorjd ibc b The possibilitj'' of an exchange between 
glucoie (labeled with C'^) ind gluco-'C-l-phobphatc was investigated in the 
prcbciice ot muscle phobphorylabc and w'as found to be negative The 
iniplicationb of tlicbo icsultb are discussed in so far as they affect the mecha- 
nism of these enzj'mo reactions 

The authors wash to thank Dr Barker and Dr Hassid of the University 
of California for the radioactive glucose used in this work 
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.ASSOCIATION BETWEEN RAPID GROWTH AND ELEVATED 
CELL CONCENTR VTIONS OF AMINO ACIDS 

I liV FET VL TISSUES 

Bi lrU^OR^ CHRISTENSEN' vvd JE V STREICHER 

(/Vo»t the Children's Ilospitnl and the Department of Biological Chemistry, Harvard 

Medical School, Boston) 

(Received for publiciition, April 2, 1948) 

Factors which acceleiatc growth or winch produce wasting may do so 
by acting directly upon Reactions 1 and 2 in the following scheme 

Extracellular 3 , cellular ammo acids ; proteins 

anuno acids ' I (at lii(;lier concentrations) 2 

In this case accelerated grow th should tend to deplete the free ammo acids 
of the tissues concerned A good illustration is the piecipitous fall pro- 
duced m the glycine concentration of the hvei when the conjugation of 
glycine is accelerated by feeding sodium benzoate (1) If> on the other 
band, growth acceleration resulted fiom effects upon Reactions 3 and 4, 
there should be an associated elevation of the cellulai concentrations oi 
ammo acids Such an association has been obsei ved m twm instances which 
are reported m this and the accompanying communication (2) 

•In the piesent study a comparison has been made of certain ammo aci 
concentiations m fetal and maternal plasma and tissues * The ^concentra- 
tions of both glycme and the non-glycine, non-glutamine ( ‘residual ) 
a-amino nitiogen of skeletal muscle were about 3 tunes as high m the ^®Ws 
as m the maternal guinea pig Similai lelations were observed for bot t e 
cardiac and skeletal muscle of the labbit The highei fetal concentiations 
may be attributed to two factois (1) concentiation of ammo acids y t e 
placenta, and (2) greater concentrating activity of fetal muscle than o 
maternal muscle 

In the rabbit both factors weie evident , In the guinea pig, ‘concentra- 
tion. by the placenta appeared to account adequately for the hig er con 
centrations of the fetal muscle, .the fetal plasma was 4 to 6 times as rich m 
glycme and “residual” ammo acids as the maternal plasma tei ir 
the plasma ammo acid concentrations declmed lapidly * In uman e a 
plasma, ammo acids were observed to be 1 5 to 2 times as concentra as 
m the maternal plasma • 

Morse observed m 1917 (3) that the ammo mtrogen (by t e gasome ric 
mtious acid method) was higher m the plasma of the human umbihcal 
cord than m the maternal plasma (averages, 8 7 and 6 4 mg per cen ) 
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Similar differences have been reported for rabbits (4) and dogs (5) The 
latter mvestigations, however, as well as otheis in human pregnancy (re- 
viewed by Smith (6)), employed the unmodified Fohn colorimetric method 
There have been denials of such fetal-maternal plasma differences for 
both man and dog (7, 8) That these differences would be found also by 
the more specific manometric mnhydrm method was by no means certain, 
since the values of Morse and of others for ammo mtiogen in the plasma of 
pregnant women are twice as laige as those found by the ninhydiin method 

EXPERIMENTAL 

The anunals were m late pregnancy, the rabbits on the 28th day The 
guinea pig fetuses were from 10 to 16 cm in length After fasting the 
animal for 12 hours, the abdomen was opened under ether anesthesia and 
blood was taken by needle from the umbfiical veins (or in the case of 
several of the gumea pigs, by collecting blood flowing from the seveied 
umbilical cord) Maternal blood was obtained by cardiac puncture 
After kiUmg the animals by'- a blow, the tissues were excised and analyzed 
for water, chloride, glutamine, glycme, and non-glutamme a-amino mtro 
gen, as previously described (9) The picric acid filtrates of plasma, how- 
ever, vere not subjected to treatment by lead acetate before analysis 
The ammo acid concentrations of the cellulai water and the distribution 
ratios (cells to extracellular fluid) weie calculated (9) 

The human blood samples weie obtained for us by Dr Clement Smith 
and his associates of the Laboratory for Research on the Newborn, Boston 
Lymg-In Hospital, at normal deliveries and at elective cesarean sections, 
from the antecubital vem of the mother and from the umbilical vein of the 
infant at approximately the same moment 

RESULTS AND DISCUSSION 

The analydiical lesults are presented m Tables I to III 
Three attributes weie demonstrated for the guinea pig placenta (Table 
I) which have counteipaits in the behanoi of the cells of liver and muscle 
towards ammo acids (1) (1) A single ammo acid fed to the piegnant ani- 
mal wms concentrated by the placenta (2) When high plasma concentra- 
tions of L-prohne, L-histidme, or DL-methionme were produced by feeding 
each of these ammo acids, the distribution ratio of glycme between fetal 
and maternal plasma w'as reduced, in some experiments almost to umty 
(3) L-Glutamie acid occupied an unusual position m failing to show the 
second effect and m the extreme concentration which could be produced 
m the fetal circulation (37 9 mg per cent of “residual” «-ammo mtrogen, 
compared ivith 7 3 mg pei cent m the maternal plasma) 

Concentration of ammo acids by the placenta presents a very interesting 
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difference from concentration by tissue tells, in that here we are dealing 
with two e\tiacclluLir fluids rather than a cellular and an e\tiacellular 
fluid There is no evidence that the amino acids in the fetal plasma are 
in a different foim from those m the maternal plasma Only fetal cells 
separate the tw'o circulations in these three species, m the case of the rodents 
only a single layei of fetal endothelial cells (10, 11) 

Both the glycine and the “residual” a-amino nitrogen of the plasma of 
pregnant guinea pigs w'ere found to be low er than m plasma of non-pregnant 

r^BLb I 

Distribution of Imino icids htlxcccn Maternal and hetal Plasma and Muscle 

in Guinea Pig 

The tissue conccutrationa are given in mg of a-nmino nitrogen per 100 gm of 
cell water The values in parentheses are ratios of the cellular to the e\tracellular 
concentrations 20 niM per kilo of each amino acid were fed, two thirds of the dose 
at the beginning and one ai\tli at 1 and 2 hours The animals were sacrificed at 3 
hours 


Aauao acid fed 

Plasma 

Muscle 

Gljcine 

Residual 

Glycine 

1 Residual 

Hater 

nal 

Fetal 

1 

Ratio, 
fetal to 
mater 

1 nal 

Mater 

nal 

Fetal 

Ratjo 

i 

Mater 

nal 

Fetal 

Mater 

zial 

Fetal 

Fasting (t) 

0 17 

2 40 

5 3 

1 84 

8 7 

4 7 

4 9 

16 

14 9 

41 








(10) 

(6 9) 

(7 S) 

(4 7) 

Standard devia- 

0 07 

0 15 

0 9 

0 25 

1 6 

0 4 

0 7 

5 

2 6 

5 

tion 







(1 8) 

(1 4) 

(0 9) 

(0 9) 

c Glutamic 

0 52 

2 9 

5 6 

7 3 

37 9 

5 2 

6 7 

16 1 

22 4 

47 




1 




(12 2) 

(5 6) 

(2 9) 

(1 2) 

Glyciue 

7 S 

9 9 

1 3 

1 05 

6 2 

I 5 9 

26 

24 

12 5 

39 




I 




(3 1) 

(2 3) 

(11 4) 

(6 0) 

c-Histidme 

0 57 

0 58 

1 0 

11 6 

17 1 

1 5 





DL-Methionine 

0 28 

0 53 

1 9 

5 53 

10 2 

1 9 





c Prohnt 

0 80 

1 12 

1 4 

16 4 

16 9 

1 03 

29 

10 9 

34 

31 







1 

(3 4) 

(9 2) 

j (2 0) 

(1 7) 


animals (1 8 mg per cent for the “residual” a-aimno mtrogen m pregnancy, 
2 5 mg per cent othenvise (1)) Bonsnes (12) reported reductions from 
the normal mean of about 4 2 mg per cent to an aveiage of 3 2 mg per cent 
m plasma in human piegnancy The low values were maintained through- 
out laboi and until parturition The dimmutions probably lesult from 
the avid removal of ammo acids by the placenta 
Two speculative suggestions upon the control of growrth are pertinent 
Robb (13) suggested that the constant relationship between the groivth 
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rates pf various tissues of the individual animal miglit be governed by the 
distnbution among the tissues of some growth-promoting substance He 
proposed that such a substance noight be distributed accoiding to charac- 
teiistic paitition coefficients, m analogy to the distnbution of a solute 
among immiscible solvents Twitty and van Wagtendonk (14) reported 
that an eye tiansplated from a youngei to an older larval Amhyslma 

Table II 


Distribution of Ammo Acids between Maternal and Fetal Tissues in Rabbit 
The concentrations are expressed in mg per cent of a-amino nitrogen The 
distribution ratio is the ratio of the cellular to the extracellular concentration 


Babbit 

No 


Plasma 

Skeletal muscle 

Heart 

Gly- 

cine 

Kesid 

ual 

Glycine 

Residual 

Glycme 

Residual 

Cell 

con 

cen 

tra- 

Uon 

Dis- 

tnbu- 

Uon 

ratio 

Cell 

con- 

cen 

fra 

tion 

Dis 

tribu 

Uon 

raUo 

Cell 

coa- 

cen 

tra 

Uon 

Dis 

tnbu 

tion 

ratio 

CeU 

con 

cen- 

tra- 

UOD 

DiS- 

tnbu 

bon 

ratio 

1 

Maternal 

0 8 

4 7 

5 8 

m 


4 0 

1 1 



5 3 


Fetal 

WIWfM 

7 0 





4 7 



9 1 


Fetal to maternal 

0 9 

1 5 

1 7 



1 9 

4 3 



1 7 

2 

Maternal 

0 67 

3 13 

6 9 

9 8 

17 7 

5 4 


Bk 

26 7 

8 1 


Fetal 

0 63 

6 38 

7 1 

10 8 

55 7 

8 3 

3 3 

3 5 

57 2 

85 






1 1 

3 1 

1 5 

54 

3 9 

2 1 

1 05 


Table III 


Distribution of Amino Acids betueen Maternal and Fetal Human Plasma 
The concentrations are in mg per cent of a-anuno nitrogen and are followed bj 
the standard deviations 


Type of delivery 

Glycine 


Residual 


Ihlnternol 

Fetal 

Fetal to 
maternal 

Maternal 

Fetal 

Fetal to 
maternal 

Normal (4 observations) 

0 18 

0 33 

1 8 

2 07 

3 45 

1 67 


±0 02 

±0 02 

±0 1 

±0 10 

±0 37 

±0 10 

Cesarean section (3 oh- 

0 16 

0 28 

1 8 

1 79 

2 92 

1 66 

servations) 

±0 01 

±0 01 

±0 1 

±0 23 

±0 63 

±0 39 


Ugnnum subsequently giew faster than its untransplanted mate remauung 
upon the younger salamander Had transplantmg the eye placed it m ^ 
richer medium? A larva 55 mm long was found to have a whole bloo 
ammo nitrogen (by mtrous acid) of 188 mg per cent, one 85 mm lonj Jd 
mg per cent Two conclusions were suggested The transplante ey 
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grow faster bee luso it liad been placed in a medium of higher ammo acid 
concentration and the blood ammo atid concentiation inci eased with the 
age of the larvae as a lesult of the decline of giowth potentialities of the 
organs Unfortunately the nucleated red cells were not excluded fiom the 
blood samples, so that information vas not obtained as to the concentia- 
tion of ammo nitrogen in the plasma or other e\ti acellular fluids 

Our observations upon fetal muscle and upon regenerating liver support 
the view that increased piotein synthesis and giowth may be imtiated or 
promoted by increased concentrations of ammo acids Normal cells, if 
they are not wasting, are necessarily maintaining each ammo acid m con- 
centrations adequate for building or replacement of many proteins The 
concentrating function of cells for ammo acids represents a possible pomt 
for the control of growth 

The authors aie indebted to Di Clement Smith and Miss Ruth B 
Cherry for obtaining blood samples for us at normal and cesarean deliveries, 
and to Miss Joan T Rothvell for techmeal assistance 


sraraiART 


1 The concentrations of glycine and of non-glycme, non-glutamme 
amino acids were about 3 times as gieat m the skeletal muscles of fetal 
guinea pigs as in the maternal muscles Similar relations were observed 
between the ammo acid concentiations m the pregnant rabbit, for both 
skeletal and cardiac muscle Ammo acids were about 5 times as concen- 
trated m the fetal plasma of the guinea pig as m the maternal plasma, m 
the rabbit about 1 5 to 2 times, m man 1 7 to 1 8 times Skeletal and car- 
diac muscles of the fetal rabbit were able, despite then extremely rapid 
groivth, to concentrate ammo acids to a greater extent than did the ma- 
ternal tissues 


2 Production of high blood concentrations of histidme, methiomne, 
and prohne by feeding these ammo acids to pregnant gumea pigs greatly 
reduced the difference m the glycme concentrations of fetal and maternal 
plasma After glycme was fed to the piegnant gumea pig, this ammo acid 
appeared in higher concentrations in the fetal than m the maternal plasma 
Feeding L-glutamic acid lesulted m concentrations of over 40 mg per cent 
of a-amino nitrogen m the fetal plasma, without any effect upon the glycme 
distribution 

3 The ammo acid concentrations of plasma were decreased during 
pregnancy m gumea pigs as well as m human subjects 

4 The association of high cellular concentrations of ammo acids with 
rapid growth has been discussed 
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.ISSOCUTION BETWEEN RAPID GROWTH AND ELEVATED 
CELL CONCENTRATIONS OF AMINO ACIDS 

II m REGENERATING LIVER AFTER PiVRTIAL HEPATECTOMY 

IN THE RAT 

HALVOR N CHRISTENSEN. JO VN T ROTHVVELL, ROBERT A SEARS, 
VND JE \N A STREICHER 

(.From the Cliildnn’s IIo<spital and the Dcpartmcnl of Biological Chemistry, Harvard 

Medical School, Boston) 

(Received for publication, April 2, 1948) 

After removal of two-thirds of the livei of the rat, the remammg lobes 
gro^\ so rapidly as to double their weight dm mg the 2nd and 3rd days (1) 
This growth rate equals or e\ceeds that of tissue cultures, 8 day old chick 
embryos, and the fastest growing neoplasms (2) We have observed that, 
coincident with the period of most rapid growth, the liver cells contain 
elevated concentrations of amino acids (not mcludmg glutamine and 
glycine) and of glutathione 


EXPERIMENTAL 

Male albino rats, weighing 275 to 325 gm , from a highly mbred colony 
of the Sprague-Dawley stiam were used They were mamtamed on a 
stock diet of Purina laboratoiy chow Anesthesia was produced by ether 
The median and left lateral lobes of the liver were freed from connective 
tissue bands (mainly on the left margins and the anterioi aspect) and a 
large loop of heavy silk thread (No 00) was worked aroimd and under 
both lobes, with the lobes lifted slightly, the thread was knotted tightly 
Placing a clamp upon the pedicle and hgatmg it with fine thread m our 
liands often caused tearmg of the vessels Other details of surgeiy and 
postoperative mamtenance were similar to those described by Crandall 
and Drablon (3) The animals were not fasted before the opeiation, 
therefore the excised lobes were not suitable for control analyses VOien 
the tissue analyses were to be made within 42 hours after hepatectomy, 
the rats were not fed m the interim, since food consumption was small and 
variable durmg the first 18 to 24 hours, and all animals were fasted for 20 
hours befoie sacrifice Animals allowed to live longer were supplied with 
the stock diet immediately aftei the operation 

One gioup of control lats was fasted 20 hours before study, another was 
subjected to a laparotomy which smiulated the conditions of the hepatec- 
tomy ivithout disturbing any lobes of the fiver These animals were then 
handled m the same way as the lobectomized animals 
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The methods for preparing extracts of plasma, hver, and muscle and of 
analyses foi water, chloride, glutamme, non-glutamine a-ammo mtrogen, 
and glycine nitiogen have been described (4) In addition the picric acid 
extracts of livei weie analyzed directly for a-ammo nitrogen (by ninhydrin 
at pH 4 7) before lemoval of glutathione The difference between this 
lesult and the a-ammo nitiogen on the lead acetate filtrate provided an 
estimate of glutathione a-amino nitrogen The measurement of the bound 
glycme, made m about half the cases, indicated that 79 to 83 per cent of the 
a-ammo mtrogen piecipitated by neutial lead acetate could be attiibuted 
to glutathione (1 molecule of this peptide of course contiibutes 1 bound 
glycme molecule and 1 free a-ammo mtrogen atom ) The concentration 
of each of the categories of a-ammo mtiogen m the ceU water of hver and 
muscle was calculated as usual on the basis of the water and chloride analy- 
ses (4) 


Results 


The analytical lesults aie presented m Table I For 20 hours after par- 
tial hepatectomy the ammo acid concentiations of the remaimng portion of 
hver were no highei than foi controls subjected to a laparotomy Be- 
tween the 20th and 30th hours a use to about 50 per cent above the control 
levels occuried m the concentiation of “residual” ammo acids of the hver 
cells Comcident with this mciease theie weie a proportionately smaller 
rise m the “residual” a-amino nitiogen of the plasma, an mcrease in the 
hvei glutathione (whethei indicated by the bound glycme oi by the a- 
amino mtrogen piecipitated by lead acetate), and a deciease m liver glut- 
amme 

A?mno Acid Conjugates Other Than Glutathione — Peptides other than 
glutathione were not increased m the regeneratmg lobes Non-gluta- 
thione, conjugated a-ammo mtrogen was calculated for dialysates of picric 
acid extracts of tissues as illustrated 


Total a-amiuo N after acid hydrolysis 

ti <( 1. r 

before 

Bound glycme “ X 2 
Sum 

Non-glutathione, conjugated a-amino nitrogen 


74 6 mg % 

44 1 
27 6 

71 7 

3 9 mg % 


Glutathione yields 1 glycine molecule and 2 additional a-amino mtrogen 
atoms upon hydrolysis By correctmg for the peptide mtrogen due o 
glutathione we could estimate other forms of conjugated a-ammo ^ 
inthout removal of glutathione by lead acetate, which is apt to . 

other peptides also (5) The lesultmg values for hver were 1 9, 2 J, 

0 3 mg, and for muscle 16 2 and 16 3 mg per 100 gm of fresh tissu 
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Most of this conjugated a-araino nitrogen of muscle is probably due to the 
release of the amino group of histidine and methylhistidme upon hydrolysis 
of carnosinc and anserine (0) About 10 mg , pei 100 gm of tissue, of 
undialyzable conjugxtcd a-amino nitrogen were present m the picric acid 
filtrates of rat liver 


Table I 

Changes tii Imino .laid Dislnbulton Following Partial Hcpateclomy tn Rat* 
The tissue concentrations arc in mg per 100 gm of cell water The values pre- 
ceded by the ± sign are st iiidard deviations The values m parentheses are ratios 
of the cellular to the e\traccllular concentration 



Plasma 
[ residual 
' a amino N 

Liver 

Muscle residual 
ct ammo N 

Pb ppt 

' Glutamine : 

Residual 

Controls (4) 

1 32 

33 

22 ' 

29 7 

19 8 


±0 24 

±3 

±3 

±2 0 

±1 1 





(0 0 ± 0 8) 

(4 5 ± 0 0) 

Controls, operated 

1 38 

32 

20 

35 

19 1 

upon (4) 

1 ±0 21 

±2 5 

±3 

±3 

±1 1 


1 



(8 0 ± 1 0) 

(4 3 ± 0 5) 

Experimental, 18-20 

4 01 

35 

10 8 

37 

18 1 

hrs (3) 

±0 10 

±3 

±0 8 

±3 

±0 7 





(8 9 ± 1 0) 

(4 4 ± 0 1) 

Experimental, 20-07 

0 05 

40 

15 5 

47 

19 0 

hrs (10) 

±0 47 

±3 

±5 

±4 

±1 7 





(8 9 ± 1 0) 

(3 7 ± 0 3) 

Experimental, 90 

4 91 

37 

23 

42 


hrs 




(8 2) 


Experimental, 200 

4 45 

31 

19 

40 


hrs 




(8 5) 


Experimental, 400 

4 01 

35 

10 

34 


hrs 

i 



(7 0) 



* The following concentrations (for plasma, in mg of ot-anuno mtrogen per 100 
Bil , and for tissues, in mg per 100 gm of cell water) were obtained for four fasting 
rats, and were not significantly changed by partial hepatectomy plasma glutamine, 
1 3 ± 0 1, plasma glycine, 0 51 ± 0 09, liver glycine, 7 6 ± 0 9, muscle glutamine, 
5 4 ± 0 4, muscle glycine, 6 1 ± 0 5 

Species Differences — few species differences m ammo acid distribution 
Dts^y be noted Glycine made up a much smaller fraction of the ammo acids 
of the liver, muscle, and plasma of the rat than of the gumea pig, and the 
concentration lacked the extreme vaiiabihty observed m the latter species 
In the caidiac muscle of the lat, glycine lepiesented only 6 or 7 per cent of 
the non-glutamme ammo mtrogen, tvhereas m the adult rabbit the heart 
contamed a concentration of glycme scarcely higher than that of the plasma 
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(7) Glutamme made up about half the a-amino acid mtrogen of the heart 
m. both the rat and rabbit, as in the dog (8) Glutamine was more con- 
centrated m the hvei than m the muscle of the rat, m the guinea pig the 
reverse was true The plasma glutamme and residual a-ammo mtrogen 
weie about twice as high m the rat as m the gumea pig 

DISCUSSION 

Incieased ammo mtiogen was obseived by \nadimirova (9) m the le- 
generatmg limb of the amphibian axolotl Piesumably these analj'tical 
values mclude glutathione, 'nhich is elevated m the blastema and regener- 
ated tissue (10) 

There are seveial reasons foi not attributing the observed rise of the 
ammo acid concentrations m the liver simply to an inadequate deamina- 
tion rate (1) Durmg the first 20 hours after lobectomy no mcrease occuiTed 
m the ammo acids of plasma, m the liver the mcreases were not significantly 
greater than m controls operated upon (2) The ammo acid concentration 
of the hver increased proportionately more than that of the plasma, so 
that the distribution ratios (hver cells to extraceUular fluid) were elevated 
In contrast, whenever ammo acids me entermg the circulation faster than 
the liver can handle them, the distribution ratios are decreased (5) (3) 

Greatly accelerated deammation can be carried out with almost no increase 
m ammo acid levels m the liver (5) (4) A lag m deammation fails to ev 

plam the comcident changes m glutamme and glutathione 

In our fastmg animals hepatic restoration was occurrmg necessaiilj at 
the expense of other tissues, especially muscle By what means was such 
a tiansfer of ammo acids effected? A “flow” of the ammo acids towards 
the liver might result from either an elevation of the distribution ratios of 
ammo acids between hver and plasma or a depression of the distribution 
ratios between muscle and plasma These factors appeared to participate 
about equally m the present mstance (Table I) 

Brues and Marble (11) showed that after removal of the median and 
left lateial lobes m the rat a latent period of 24 hours occurred, followed by 
a sudden rise of mitosis and cell multiphcation to a maximum and then by a 
lapid dechne durmg the succeedmg days Comparison of body and hver 
weights indicated that our animals responded very much like those of other 
investigators The close association between the changes in ammo acid 
concentration and m cell multiplication, with regard to latency, sudden 
rise, and subsequent decline, is emphasized 

The mcrease m the residual ammo acid mtiogen of hver produced by 
laparotomy (Table I) is statisticaUy sigmficant, as is the increase m the dis- 
tribution ratio between hver and plasma In human subjects and ex-pen- 
mental animals, surgical procedures, fractures, or infections produce a 
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strong acceleration of protein catabolism At the same time the plasma 
amino acids are diminished (12) We are exploring the possibility that 
the decreased values for plisraa result fiom an elevated concentration of 
ammo acids by the liver 


SUIIATVRT 

In rats subjected to p irtial hep itcctomy, after a latent period and coin- 
cident i\ ith the period of most rapid hepatic restoration, the concentrations 
of ammo atids in the hvci cells were inci eased by about 50 per cent Simul- 
taneously glutathione w is increased and glutamine decreased 
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supplements Each balance period was of 6 days duration and was pre 
ceded by a 3 day transition period, permitting adjustment to the constant 
diet 

Preparation of Food for Ingestion and Analysts — ^The food was prepared 
m the special diet kitchen of the metabolism section by dietitians specially 
trained m the dietary problems of metabolic research The quality and 
quantity of the daily supply of food were kept as unifonn as possible 
throughout the study For analysis, a 30 to 40 per cent ahquot of a 1 day 
food sample (except pure carbohydrate and fat) was homogenized in a 
Waring blendor -with added distilled water A second aliquot of the same 
diet was prepared and analyzed approximately 1 week later and the results 
of both measurements averaged 

For ammo acid analysis, from 2 5 to 3 gm samples of food homogenate 
weie weighed accurately into a conical beaker and autoclaved in 20 ml of 
4 N hydrochloric acid for 10 hours at 120° The samples were then boiled 
for 10 mmutes with 250 mg of norit A, filtered by suction, adjusted to pH 
6 8, and made up to a volume of 1 liter The concentration of the food 
sample was adjusted to contain approximately 0 025 mg of nitrogen per ml 

Collection and Preparation of Urine Samples for Analysts — 24 hour urine 

g ’lections were stored under toluene m the refrigerator, the total collection 
,the 6 day metabolic period was combmed and mixed Aliquots were 
;en for total mtrogen, free ammoma, and for the assay of individual ammo 
acids The values foi urea mtrogen and free ammonia iviU be mcluded m li 
subsequent paper 

Total mtrogen was measured by a semunicro-Kjeldahl procedure, for 
which the digestion mixture of Campbell and Hanna (2) and the Pregl- 
Parnas-Wagner micro distillation apparatus were used Urea was deter- 
mined by the urease method The mdmdual ammo acids were as^yed 
microbiologically 

For ammo acid analysis, 2 0 ml of concentrated hydrochlonc acid were 
added to 25 0 ml of urme m a conical beaker The beaker was capped with 
a small beaker and autoclaved for 10 hours at 120° The acidified unne was 
then boiled 10 mmutes ivith 250 mg of norit A, filtered by suction, adjusted 
to pH 6 8, and diluted to volume For the histidme assay, the original 
urme was diluted 1 40, for the other ammo acid assays, it was diluted 1 I 
All samples were hydiolyzed in duplicate and each hydrolysate analyzed at 
thiee different levels of concentration 

Seveial factois must be consideied m preparmg urme for microbiological 
assa-" urea must be elimmated, smce it inhibits the giowth of the 

35 S 1 =;, this IS accomplished by autoclavmg m 1 N hydrochloric 

-It ' lerfermg substances are also present m the mine, these are 
er treatment of the samples with norit A, after autoclav 
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mg icid The ammo acid values aie then distinctly higher and less 
erratic A further advantage is the fact that the urine need not be greatly 
diluted The astxiy for racthionmo continues to be eiratic, however, when 
a synthetic medium is used, bub yields consistent values when a semisyn- 
thetic medium containing ovidized peptone is employed 

Rccoveij'' evpeiiments weie performed for ten amino acids by adding 
measured amounts of pure ammo acids to the urine and then subjecting the 
urine to the complete procedure Only the L-ammo acid was considered in 
calculating recoveries, since the organisms used were pieviously shown to be 
capable of utilizing only the natural isomer The per cent of recovery 
vaiied from 90 to 110 per cent for eight of the amino acids analyzed Since 
approximately 40 per cent of added phenylalanine and cystine was not re- 
coverable, further studies of these two amino acids were not undeitaken at 
this tune 

Preparation of Plasma Samples — 100 ml of venous blood were drawoi at 
the end of each peiiod, transferred to a screw-capped bottle containing 
approximately 15 mg of heparin, and thoroughly mixed After centrifuga- 
tion of the blood, the plasma was removed, and aliquots taken for nitrogen 
analysis, ammo acid assay, and for the preparation of the tungstic acid 
filtrates 

For ammo acid analysis of total plasma, 1 0 ml of plasma was added to 
a conical beaker and autoclaved for 10 hours at 120° wth 20 ml of 2 n 
hydrochloiic acid The samples weie then boiled for 10 minutes with 250 
mg of noiit A, filtered by suction, adjusted to pH 6 8, and made up to 5 
ml Duplicate hydrolysates were prepared and each analyzed at three 
different levels of concentration 

The tungstic acid filtrate for determmation of the free ^mo acids m 
plasma was prepared according to the method of Hier and ergeim ( 

For deteimination of the total non-protem ammo acid content of plasma, 
20 ml of tungstate filtrate were added to a conical beaker with 1 0 ml of 
concentrated hydrochloric acid and autoclaved 10 hours ® 

sample was then adjusted to pH 6 8 and made up to 40 nd If sediment 
appeared m the solution, the sample was filtered before analysis As usual, 
dupheate hydrolysates were piepared and each one analyze a ee i er 


ent levels of concentration , . j rr t 

Mta obtologtcal Piocedure — ^The media employed aie is e m ^ ® 
Streptococcus faecahs was used with Medium 1 for the assay o eucme, iso eu 
cine, valine, thieonme, arginme, and histidme Leuconostoc memi eroi es 
P-60 with Medium 2 was used for the assay of lysine and wath Medium 
for the estimation of methionme The oxidized peptone was piepared 

according to the method of Lyman et of (4) 

The stock cultures of the assay orgamsms were mamtame on a me um 



Table 1 

Media Jot Microbiological Assays of Amino Acids 
The ammo acid to be assayed is omitted from the medium In each assay tube 
2 5 ml of medium were added to 2 5 ml of the sample being analyzed 



Medium 1 

Medium 2 

Medium 3 

L-Asparagme 

200 mg 

200 mg 


L-Glutamic acid 

200 “ 

200 “ 


L-Arginme 

200 “ 

200 “ 


n-Histidine 

200 “ 

200 “ 


n-Lysine 

200 “ 


200 mg 

L-Cystine 

200 “ 

200 “ 

200 “ 

L-Proline 

200 “ 

200 “ 

200 “ 

L-Tyrosme 

200 “ 

200 “ 

200 “ 

DL-Alanine 

200 “ 

200 “ 


DL-Isoleucine 

200 “ 

200 “ 


DL-Leucine 

200 “ 

200 “ 


DL-Valine 

200 “ 

200 “ 


DL-Threonme 

200 “ 

200 “ 


nn-Methionme 

200 “ 

200 “ 


DL-Norleucine 

200 “ 

200 " 


DL-Phenylalanine 

200 “ 

200 “ 


DL-Senne 

200 “ 

200 “ 

200 mg 

DL-Tryptophan 

200 “ 

to 

o 

o 

200 " 

Glycine 

200 “ 

200 “ 

200 “ 

Oxidized peptone 



5 0 gm 

Salts A 
* Iffl.POi 

500 “ 

500 “ 

500 mg 

KjHPOi 

Salts B 

600 “ 

500 “ 

600 “ 

MgSOi 7 H 2 O 

200 " 

200 “ 

200 “ 

MnSOi 4H.0 

10 “ 

10 “ 

10 “ 

NaCl 

10 “ 

10 “ 

10 “ 

Thiamine chloride 

500 y 

O 

o 

500 y 

Pyridoxamine 

1000 “ 

1000 “ 

1000 “ 

Calcium pantothenate 

500 “ 

500 “ 

500 “ 

Riboflavin 

500 “ 

500 " 

600 “ 

Niacin 

500 “ 

500 “ 

600 “ 

p-Aminobenzoic acid 

500 “ 

500 “ 

500 “ 

Biotm 

10 “ 

10 “ 

10 “ 

Folic acid (synthetic) 

10 “ 

10 “ 

10 “ 

Adenine sulfate 

10 mg 

10 mg 

10 mg 

Guanine 

10 “ 

10 “ 

10 “ 

Uracil 

Xanthine 

Glucose 

Sodium acetate 

10 “ 

10 “ 

10 gm 

20 “ 

10 “ 

10 “ 

10 gm 

10 “ 

10 

10 “ 

10 gm 

10 “ 

“ citrate 



Adjust to pH 6 8 

Add distilled H 2 O to 

500 ml 

600 ml 

500 ml 


110 
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compobcd of glucobc 1 per cent, Bucto-peptoiie 0 5 pei cent, yeast e\tiact 1 
per cent, Salts A and B in the same concentrations as in Table I, sodium 
acetate 0 5 per cent, 'iiid agu 2 per cent The stab cultuies weie kept in 
tubes covered vvitli scieu t ips and stoied in the lefngerator, capping the 
tubes with bciew caps prevents the ugai medium from drying and peiTnits 
bmionthly subculturing 

^Vfter addition of st indaid or unluiown solutions to the assay tubes, the 
volume was adjusted to 2 5 ml with water, and 2 5 ml of medium were then 
added to make the final v'olume 5 0 ml Small metal caps w^ere placed over 
each tube and the tubes weie then autoclaved The peiiod of steiilization 
was mcasuied from the time that the tempeiature within the autoclave 
reached b0° Uter 10 minutes, during which time the temperature leached 
110°, the steam was shut oil and the autoclave allowed to cool till the cham- 
ber pressure descended to atmospheric pressure In this manner carameh- 
zation IS held to a minunum, yet growth by contaminatmg organisms is 
completely prevented The tubes were then placed m a refiigeratoi and 
quickly cooled to loom tempeiatuie Prior to moculation of the tubes, a 
culture w'as transferred to 10 ml of liquid medium of the same composition 
as the medium described for maintaming stock cultures (agai omitted), and 
incubated 24 hours at 37° The cells weie centrifuged, washed once with 
sterile distilled water, recentrifuged, and suspended in 50 ml of sterile dis- 
tilled watei 1 drop of this suspension was added to each assay tube To 
determine whether addmg exactly the same number of orgamsms to each 
tube would give more consistent results, a sterile medium was moculated 
with an assay organism and maxed well Then exactly 2 5 ml of the mocu- 
lated mechum were added to each of a previously sterihzed senes of tubes 
contaming 2 5 ml of sample This procedure, however, did not add to the 
consistency of the results The dropwise inoculation of each tube was 
therefoie adhered to because of its greater ease 

The moculated tubes were meubated for 16 houis m a constant tempeia- 
ture water bath mamtamed at 35° 

Values were detennmed tuibidunetncally with a Coleman jumor spectro- 
photometer A 19 X 105 mm cuvette is a very convenient size m which to 
read the results It is impoitant m determmmg the minimum volume to be 
used m the tube that the light somce does not pass through the memscus 
of the solution Theiefoie, by filling the upper half of the tube adapter slit 
with de Khotmsky cement, oi a piece of w ood pamted black, the spread of 
the hght source is dunmished, and the mmimum volume can be i educed to 
about 2 0 ml 1 This size of tube is sufficiently wide to permit adequate 
deflection of the galvanometer by average turbidities developed m the 

'■ Burfisher, \V C , Wilkens- Anderson Company, personal communication 
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assay tubes to yield accuiate readings Turbidimetric measurement of the 
gi owth of the assay organisms reduces the time required foi such an analysis 
and, m our hands, has yielded much more consistent results than have other 
proceduies 

Table II 

Microbiologicalhj Available Amino Acids in Unne of Adult Men Fed Normal Diels 


Averaged results of two 6 day periods for each subject 


\nimo acid 

\inmo acids ingested 
per period 

Ammo acids excreted 
per period 

Ingestc'l ammo acids 
excreted m urine 


Subject 1 

Subject 2 

Subject 1 

Subject 2 

Subject 1 

Subject 2 


gm 

gm 

gm 

gm 

per cent 

per cent 

Leucine 

31 56 

37 86 

0 10 

0 21 

0 32 

0 54 

Isoleucme 

21 60 

22 80 

0 08 

0 13 

0 35 

0 56 

Valine 

21 30 

24 60 

0 10 

0 15 

0 47 

0 61 

Threonine 

15 00 

19 44 

0 27 

0 45 

1 77 

2 31 

Arginine 

19 08 

28 02 

0 12 

0 19 

0 61 

0 68 

Histidine 

10 SO 

13 08 

0 72 

2 44 

6 66 

IS 63 

Lysine 

IS 72 

28 80 

0 31 

0 89 

1 66 

3 07 

Methionine 

7 14 

10 50 

0 03 

0 07 

0 47 



Table III 


Concentration of Ammo Acids in Plasma and Urine 


Ammo acid 

Ammo acids 
m hydrolyzed 
whole plasma 

Free ammo 
acids m 
plasma 

Non protem 
ammo acids 
m plasma 

Ammo acids 
m urme 


Subject 

1 

Subject 

2 

Subject 

1 

Subject 

2 

Subject 

1 

Subject 

2 

Subject 

1 

Subject 

2 

Subject 

1 

Subject 

2 


tug per 

mg per 

7 Per 

7 per 

7 per 

7 per 

7 per 

7 per 




ml 

ml 

ml 

ml { 

ml 

ml 

ml 

ml 



Leucine 

6 66 

6 66 

24 98 

24 92 

36 73 

54 04 

19 76 

32 24 

0 44 

0 52 

Isoleucme 

1 66 

1 60 

18 00 

18 15 

23 70 

36 63 

15 06 

20 18 

0 49 

0 50 

Valine 

4 35 

3 57 

22 35 

26 72 

39 93 

43 95 

19 2S' 

; 23 52 

0 40 

0 46 

Threonine 

4 13 

3 91 

20 85 

21 63 

32 60 

51 23 

52 60 

71 48 

' 1 24 

1 19 

Arginine 

3 29 

3 77 

17 18 

16 47 

22 13 

37 13 

23 28 

30 04 

0 82 

0 69 

Histidine 

2 14 

2 21 

17 03 

14 11 

20 77 

23 72 

142 90387 60 

5 31 

13 87 

Lysine 

6 41 

8 41 

20 78 

24 70 

36 10 

60 21 

61 75 140 54 

1 32 

2 00 

Methionine 

0 46 

0 50 

3 23 

4 52 

3 20 

4 83 

6 66] 

10 92| 

1 59 

1 94 


* (7t = ml of plasma cleared per minute = U IP^/V", where U = concentratiW 
of an amino acid in urine, P = concentration of an amino acid in plasma, and 
volume of urine evcreted per minute averaged for two 6 day periods 


RESULTS AND DISCUSSION 

The data obtamed for two representative periods m each subject are pre- 
sented m Tables II and III The quantity of ammo acids excreted m e 
urme, averaged for the two subjects, ranged from 0 43 per cent of the amou 
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ingested for leucine to 12 65 per cent for liistidine For the eight amino 
acids studied an average quantity equal to 2 46 per cent of the amount in- 
gested was excreted in the urine These data should not be mtei preted as 
indicating that the diet was the dncct souice of the ammo acids piesent m 
the untie, thej meielj lellect the quantitative relationships The fact that 
both subjects weie in slightly positive nitiogen balance and maintamed 
their weight tluoughout the period of stud3' indicates that the diet wus ade- 
quate and that the excieted .imino icids were normal constituents of the 
urine Compaiison of the data in this papei conceining the excietion of 
ammo acids in the urine of humans w'lth that repoi ted by othei investiga- 
tors IS presented in T ible IV The agreement is good in eveiy case 

Table IV 


Comparison of Average Microbiological Values of Total Urinary Ammo Acid Excretion 
of Human Subjects on Normal Diets 



Present report 

Woodson €t al (5) 

Bunn et al (6) 


mg per 24 hrs 

mg per 24 hrs 

mg per 24 hrs 

Leucine 

25 8 

21 2 

31 2 

Isoleucme 

17 5 

20 3 

19 3 

Valine 

20 8 

19 8 

29 0 

Threonine 

60 0 1 

53 8 

57 8 

Arginine 

25 8 

23 7 

35 6 

Histidine 

263 3 

203 3 

188 5 

Lysine 

100 0 

73 2 

83 1 

Methionine 

8 3 

8 6 

1 

11 9 


Values were obtained foi the concentration of free ammo acids m plasma 
(tungstate filtrate) and the so called non-protem ammo acids m plasma 
(tungstate filtrate hydrolysate), as well as of mdmdual amino acids m 
hydrolyzed whole plasma In all cases, with the exception of methionine, 
the hydrolysis of the plasma tungstate filtrate resulted in large mcreases m 
niicrobiologically available ammo acid m the filtrate The concentiation 
of the eight ammo acids m hydrolyzed whole plasma is presented for com- 
paiison with the concentiation of non-protem ammo acids m plasma m 
Table IV Except for isoleucme, the general pattern of the non-protem 
ammo acids, though not the actual values, conforms to that of the ammo 
acids in whole plasma 

In the course of developing the procedure for the ammo acid analysis of 
urine, it was found that, m those instances m which the urme could be 
analyzed wnthout previous hydrolysis, hydrolysis resulted m an mciease m 
the mici obiologically available ammo acids If this mcrease were due to 
hydrolysis of poljqieptides, or ammo acid esters, it might be assumed that 
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ammo acids m s i milar forms are also present m plasma Therefore, the 
plasma tungstate filtiates weie also hydrolyzed and the values thus obtained 
used m calculatmg the renal clearances of ammo acids 

The mci eased ammo acid values ob tamed by hydiolyzmg the tungstate 
filtrates weie attiibuted imtially to hydrolysis of piotein which had escaped 
precipitation by the depiotemization procedure However , since the rela- 
tive mcieases m the vaiious ammo acid values do not comcide with the 
ammo acid concentiation of total plasma protems, plasma albumin, or 
plasma fibrin, as fisted by Block and Bollmg (7), it does not appear probable 
that the higher values for the tungstate filtrate are due to the hydrolysis of 
these plasma proteins The mcreased values for several ammo acids m the 
filtrate hydrolysates vary quite markedly over a period of several weelvs and 
the percentage mcrease for each ammo acid is mdependent of the mcrease 
of the other ammo acids It seems logical to assume, therefore, that the 
higher values are the lesult of hydrolysis of peptides, pol 3 T)eptides, or esters 
of ammo acids with compounds such as cholesterol 

The relative concentrations of non-protem ammo acids and free ammo 
acids of plasnla tend to conform to the relative quantities of the mdmdual 
ammo acids mgested The relative quantities of the ammo acids excreted 
m the urme, however, do not follow this pattern It is further observed 
that there is an enormous variation m relative renal clearance of the various 
ammo acids For example, the average renal clearance of histidme for the 
two subjects IS 9 59 ml of plasma cleared per mmute On the other hand, 
the average renal clearances of threonme, lysme, and methionine are be- 
tween 1 and 2 ml , and for leucine, isoleucme, and vafine less than 1 ml of 
plasma cleared per mmute These data suggest that the lenal tubules 
possess a marked selectivity m their normal reabsorptive function 

SUMMARY 

The ingestion, blood levels, and excretion m mme of eight ammo acids 
were measured miciobiologically m two normal adult men on normal diets 
The procedures employed for the assay of the eight ammo acids are de- 
scribed 

The averaged quantity excieted m the urme ranged from 0 43 per cent 
of the mtake for leucme to 12 65 per cent for histidme For the eight ammo 
acids studied, a quantity equal to 2 46 per cent of the amount mgested was 
excreted m the urme 

The normal renal clearance of the eight ammo acids, averaged for the tno 
subjects, varied from 0 43 for vahne to 9 59 for histidme 

The authors wish to express their gratitude to Miss Blanche 
E, N , for supervismg the collections and carmg for the subjects, to Wi^s 
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jMimiic Bi melt for composmg aud piepaimg the diet, and to the subjects, 
Mr John Doull and Mi Richaid Heiz, foi then cooperation during the 
study 
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THE UTILIZ\TION OF LABELED GLYCINE IN THE PROCESS 
OF AjMINO acid incorporation by the PROTEIN 
OF LIVER HOMOGENATE* 

By THEODORE WINNICK, I-ELIX ERIEDBERG.t 
VNU DAVID N GREENBERG 

(From the Dtviaion of Biochemistry, Uniursity of California Medical School, Berkeley) 

(Received for publication, I'ebruary 17, 1948) 

The mcubatioii of rat hvei slices in an oxygenated medium m the presence 
of either S'^-labeled methionine (1) oi C“-labeled alamne (2) results m an 
uptake of the ladioactive amino acid into the piotein of the slices A simi- 
lar reaction has been noted between the protein of intestinal slices and C“- 
labeled glycine (glycine*) (3) Presumably the residues of the labeled 
amino acids become components of the piotein molecules The inhibition 
of the 0“ incorporation by heat oi sodium azide suggests that the process is 
mediated by enzymes (3) 

Recently (4) it was reported that glycine* is mcoiporated mto the pro- 
teins of homogemzed pieparations of spleen and liver upon incubation under 
suitable conditions Fuither woik has shown that the process mvolved is 
not simply one of glycine* mcorpoiation mto protein Instead, the major 
portion of the C“ found iii the homogenate protein can be attributed to 
other ammo acids, paiticulaily serine, derived apparently from glycme 
These results aie repoited separately (5) 

The present paper desciibes the effect of vaiious metabohtes, inhibitors, 
and certam experimental conditions on the process of C“ mcorporation by 
livei homogenate pfotem m the piesence of glycme* 

Of several diffeient organs tested, rat spleen yielded the most active 
homogenate preparations However, spleen tissue is complex 'histologi- 
cally, m that it consists of several types of small cells, and the destruction 
of the latter by mechanical grindmg is difficult to gage By contiast, liver 
consists mainly of cells of one type These cells are rather large (about 
25 to 30 ju m diametei in the rat) and are readily ruptured m a glass 
homogenizer The small fraction of the hepatic cells which escapes dismte- 
gration can be removed by low speed centrifugation Homogenates pre- 
pared m this manner aie fiee from intact livei cells They contam abun- 
dant nuclei, as well as cytoplasmic mateiial, leucocytes, and erythrocytes 

* Aided by grants from the American Cancer Society (recommended by the 
Committee on Growth of the National Research Council) and the National Cancer 
Institute, United States Public Health Service 
t National Cancer Institute Senior Research Fellow 
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GLYCINE utilization Bl LIVER 


In the presence of glycine'*' these cell-fiee preparations can incorpoiate 
into their protein substance at rates comparable to those observed with 
hver shces 

As m p-ammohippunc acid (PAH) synthesis (6), the enzyme activity is 
found to be associated with the msoluble particles of the rat hver cells 
However, as might be expected, PAH synthesis (from glycine and hippunc 
acid) and glycme* utilization by homogenate protem differ maikedly in cer- 
tam respects One difference which may be mentioned at this point is that 
PAH synthesis was obseived only m liver and kidney preparations, while 
glycme* utilization occurs m homogenates of viituaUy all of the several 
organs 


Table I 

Composiitoti of Standard Medium 

The solution was prepared with sterile distilled water and saturated with a mi\ 
ture of 95 per cent oxygen-6 per cent COj gas Its final pH was 7 4 It was found 
advisable to prepare fresh solutions about tw ice monthly and to store these in the 
refrigerator to prevent spoilage 


Constituent 



tm fir too mi solutun 

NaCl 

0 72 

NaHCOj 

0 25 

KHjPOj 

0 10 

MgSOi 7HsO 

0 06 

Glucose 

0 10 

Sodium citrate 

0 03 


KXPBRIMBNTAL 

Radioactive Glycine — ^The glycine* employed was labeled ivith C“ on the 
methyl carbon position (7) It had a specific activity of 3 1 microcuries 
(approximately 400,000 counts per mmute per mg , as measuied with the 
mica wmdow counter tube employed m these experiments) Sterile solu- 
tions con tainin g 1 mg of glycine* per ml of distilled water were prepared 
and stored m the refngeratoi Aliquots, generally containmg 0 2 mg 
(80,000 counts), were used for individual experunents 
Standaid Medium— A modified Krebs-Henseleit medium, of the compo- 
sition given m Table I, was used m the preparation of the hver homogenates 
3 ml of 1 pel cent calcium chlonde were added to 100 ml of medium jus 

prior to use ^ ^ i n j j fhp 

Preparation of Homogenate— Rats (150 to 200 gm ) were kiUed and th 

» A precipitate or turbidity due to calcium carbonate develops slowly on standing 
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livers removed 1 gm portions of hvei were homogenized thoroughly with 
15 ml quantities of cold standard medium in a glass homogenizer equipped 
with a close fitting, rapidly revolving piston The resulting suspension was 
then centrifuged for 2 minutes at 500 to COO n p 5i (in an angle head centii- 
fuge) The supernatant liquid was removed by siphoning and employed 
in the experiments to be described The small sedmrent of surviving hvei 
cells was discarded The pll of the homogenate w’as 7 5 to 7 6 
Preparalwn of Washed Insoluble Cell Pai holes — Livei homogenate w^as 
prepared with eithei the standaid medium oi an isotonic salme-bicaibonate 
solution,- m the manner aheady described About 200 ml of this homog- 
enate w'ere centrifuged for 15 minutes at 4000 n pm in a refiigeiatcd (angle 
head) centiifuge The supernatant solution was discarded The sedi- 
ment’ was mixed thoroughly with 75 ml of standard medium, or salme- 
bicarbonate solution, and centrifuged as before This last step was 
repeated a specified number of times Finally, the sediment was suspended 
in 10 ml of either standard medium or sahne-bicarbonate and used without 
delay in the incubation procedure 

Incubahon cf Homogenates in Presence of Clycine* — 3 ml aliquots’ 
of freslily prepared homogenate were pipetted into 50 ml glass-stoppered 
flasks containing measured amounts of glycine Each flask was flushed 
thoroughly with 95 per cent oxygen-5 per cent caibon dioxide mixture, 
stoppered, and then agitated m a 37° water bath for a definite time, genei- 
ally 90 mmutes 

In certain specified cases, 0 5 ml aliquots’ of the preparation of washed 
insoluble particles were used instead of 3 ml of whole homogenate In 
these instances, 2 5 ml of nutrient medium were added to each flask 
Separation of Radioactive Protein — ^At the conclusion of the reaction pe- 
riod, the protein of the homogenates was precipitated by the addition of 10 
ml of 12 per cent trichloroacetic acid to each flask The precipitates were 
collected by centrifugation, washed three tunes with 12 ml quantities of 
5 per cent trichloroacetic acid, and then twice with acetone, bemg centri- 
fuged after each washing 

Measurement of Radioactivity of Protein — ^The protein material m each 
tube was suspended in acetone and transferred to a weighed 5 5 cm No 50 
Whatman filter paper, with the aid of a Tarver type filter (8) The pre- 
cipitates (12 5 cm m area, generally 22 to 2G mg m weight) weie dried for 

’ Composed of 8 0 gm of NaCl and 2 5 gm of NaHCOi per liter of water, saturated 
with 95 per cent O 5 per cent COj gas, pH approximately 7 3 

’ It consisted of tno layers a light brown upper layer, rich in nuclei and mito- 
chondria, and a smaller bottom layer of erythrocytes It nas not considered im- 
portant to separate these layers 

’ Each contained about 25 mg of protein 
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an. hour at 100 and then equilibrated in an ® The papers were reweighed, 
and the radioactivity of the layers detennmed with the Autoscaler® model 
Geiger-Muller counter 

In order to compensate for the self-absoiption of radiation, the radioac 
tivity of each protein sample was compared to that of a glycine standard, 
prepared by diluting a definite amount of glycine* with a quantity of mac 
tive 01 game material (glycine) of the same weight and layei thickness as the 
piotem In this way the concentiation of labeled carbon m the protem 
could be ascei tamed This concentiation was generally expressed as counts 
of C*'* pel minute per mg of piotem per hour of mcubation 

Table II 

Effect of Repeated Washing with Standard Medium on Activity of Insoluble 

Homogenate Particles 

The results were corrected for a background of 51 counts per minute Errors due 
to self-absorption of radiation were compensated by comparison with glycine* 
standards, as indicated in the experimental section The triplicate values in the 
second column pertain to separate incubations of aliquots taken from the homogenate 
preparation at different stages The quantity of protein in the aliquots was in the 
range of 20 to 30 rag 


Ejperunent 

Radioactivity of protem, counts 
per nun per njg per hr of 
incubation 

Average per cent de- 
viation of individusl 
results from mew 
value 

Original homogenate 

7 0, 7 1, 8 4 

7 5 

Homogenate centrifuged 15 mm at 4000 

1 2, 1 4, 1 7 

12 6 

R p M , supernatant assayed 


4 3 

Sediment from preceding experiment 

14 7, 15 9, 16 3 

assayed 


6 3 

Sediment washed once 

12 3, 13 7, 14 6 

“ “ 3 times 

11 1, 11 4, 11 7 

1 S 

“ “ 5 “ 

1 

8 1, 9 1, 9 5 

6 6 


Acairacy of Radtoacitvily Measurements and Reproducibthiy of Results^ 
The protem samples usually had activities of the order of 5 to 10 tunes the 
background strength They were counted for tune mtervals (generally 
to 20 minutes) sufficient to reduce the counting error to less than 3 per cen 
AH expeiiments were performed at least m duplicate Table H 
trates the degiee of leproducibility of leplicate assays In Tables III an 
rV the aveiages of duplicate determinations are given The average agree 
ment between these duplicate deteimmations was 6 per cent 

Inasmuch as homogenates prepared on different days (from differs 

6 These preparations contained 14 per cent nitrogen 
« Manufactured by Tracer! ab, Inc , 55 Oliver Street, Boston 
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livers) sometimes dilTered as much as 30 pei cent m activity, it was simplest 
to expre^ certain of the lesults (Tables III and IV) in teims of relative, 
rather than absolute, radiocatuity units In these mstances, values are 
given for the radioactivities of the rcfeience homogenates 

KLSUHS VND DISCUSSIOV 

Rale of Incorporation into Pi olcin-Cmve 2 of Fig 1 indicates that 
the quantity of C‘* incorporated into protein inci eased uniformly with time 
hrom the initial slope of the cuive, it may be calculated that 0 004 y of 
abeled carbon was contained in each mg of piotein aftei 1 hour 1 y of 
s carbon was equivalent to 2000 counts per mmute The radioactivity 



E Rates of oxygen consumption and C‘i utilization by liver homogenates 

^ac of a senes of flasks contained 0 2 mg of glycine* and 3 ml of homogenate 
2 ^ and 3, oxygen consumption by active and boiled homogenates. Curves 

and 4, C“ incorporation by active and boiled homogenates The oxygen con- 
sumptions were measured in the Warburg apparatus in the presence of ordinary 
6 ycine and in an air atmosphere 


incorporated into the 25 mg of protein of the aveiage homogenate m this 
period was equivalent to 0 1 7 of labeled carbon, or 0 25 per cent of the total 
ai^unt employed (40 7 of caibon m 0 2 mg of glycine*) 

Ihe heated homogenates (Curve 4) exhibited virtually zero activity 
-the rate of 0“ uptake by homogenates was approximately one-third that 
ound with liver slices under almost identical conditions ^ 

It IS of mterest that the homogenate utilized oxygen (Curx'^e 1) The 
nntial rate of oxygen consumption was approximately one-fourth that with 
lyer slices ^ Heated homogenate showed a x'^eiy low consumption (Curve 
) That the oxygen consumption was related to the glycine* utilization 

The reaction rate with slices was determined by Mr P Siekevitz of our 
aeoartment 
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by protein was further indicated by the observation that the latter process 
v* s drastically inhibited when the incubations were conducted in a nitrogen 
atmosphere Frantz and coworkers (2) found that hver shces do not take 
up labeled alamne under anaerobic conditions 
Homogenates, evidently, afford particulaily favorable conditions for the 
growth of microorgamsms In some prehmmary experiments, in vhich 
undue contamination appaiently occurred. Curve 2 of Fig 1 assumed an 
autocatalytic chaiacter, with a steep upward mflection after 3 to 5 hours 
Influence of Glycine'^ Concentration — ^Fig 2 mdicates that the absolute 
amounts of mcorpoiated mto protem mcreased with increasing concen 
tiation of glycme'*' m the homogenate system However, the efficiency of 



Fig 2 Effect of variations in glycine* concentration on the rate of C“ incorpor 
ation into the protein of homogenate The reaction time v as 90 minutes Each of 
a series of flasks contained 3 ml of homogenate and a quantity of glycine* ranging 
from 0 07 to 0 85 mg 

the process was greater at lower concentrations For example, at a gly* 
cme'*' concentration of 2 X 10~^ m, about 0 3 pei cent of the total C“ m the 
system was taken up by the protem per hour, while at a concentration of 
35 X 10"'’ M, the corresponding peicentage vas 0 06 Similar results vere 
obtamed by Melchior and Tarver (1) with hver shces and labeled methio- 

nine , 

Effect of pH— The prepai ation of washed msoluble pai tides (rather than 
the whole homogenate) was employed here to facilitate pH adjustments 
The late of glycine* utilization was found to have a vide 
range, centeimg about pH 7 5 (Fig 3) By contrast, the curve for 
synthesis exhibited a very sharp peak at pH 7 5 and relatively low activi y 

^^Amcialion of Protein Activity with Insoluble Particles of Homogenate^ 
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The enzyme system \\hich legulated the mcorporation mto protein was 
found to be associated with the insoluble particles of the homogenate, since 
it sedimented together with these particles (Table II) The particles weie 
about twice as active (per mg of protein) as the whole homogenate, or about 



Fm 3 Relation between pH and rate of incorporation of C“ into protein 0 5 
ml aliquots of a preparation of washed insoluble particles of liver homogenate w^ere 
added to 2 5 ml portions of nutrient solution containing var 3 nng amounts of N aHCOs 
The pH values were measured at the conclusion of a 90 minute reaction period 
0 2 mg of glycine* was used per flask 


Table III 

Effect of Different Preliminary Treatments on Activity of Liver Homogenates 


Experunent 


Relative radioactivity 
of protein 


Liver homogenized with standard medium 

' “ “ distilled water, medium added subse- 

quently 

Liver frozen (with dry ice) and thawed 6 times prior to being ho- 
mogenized 

Liver homogenate lyophilized and reconstituted with water 

Homogenate maintained for 24 hrs at 3” prior to addition of gly- 
cine* and incubation 

Liver perfused in situ with saline prior to being homogenized 


loot 

19 

6 

14 

18 

104 


t This activity averaged S 2 counts per minute per mg of protein per hour of 
reaction time with homogenates prepared on different days 


two-thirds as active as slices The supernatant solution had a relatively 
low activity Repeated washing of the particles with standard medium 
resulted m a pai tial loss of activity The third column m Table II mdicates 
the degree of reproducibility with repheate experiments 
Effect of Various Preliminary Treatments {Table III ) — The importance 
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of tonicity IS shoiivn by the fact that homogenizing in the presence of distilled 
watei destioyed most of the activity The need for structural integrity is 
furthei indicated by the maikedly loweied rate of uptake following lyo- 
phihzmg 01 repeated freezmg and thawmg Similar results were obtained 
in connection with PAH s 3 mthesis (6) and were interpieted in terms of 
changes in the state of aggiegation of, nucleoprotem 


T\bll IV 


Influence of Various Substances on Uptake of by Insoluble Particles of 

Liver Homogenate 

The particles were ashed three times with saline-bicarbonate solution 


Change in composition of standard medium 

^Relative radio 
activi^ of protein 

None (standard medium) 

loot 

Medium replaced by saline-bicarbonate solution 

35 

Potassium omitted from standard medium 

80 

Phosphate “ 

87 

Magnesium “ 

85 

Calcium omitted 

43 

Glucose “ 

79 

Citrate “ 

77 

Both glucose and citrate omitted 

78 

'^itrate replaced by 0 002 m fumarate 

87 

t'5 X 10~® M cytochrome C added to medium 

88 

5 X 10“'* M cozymase added 

88 

0 002 M pyndoxal added 

98 

O 2 replaced by Nj atmosphere 

10 

0 001 M ATP added, N 2 atmosphere 

15 

0 002 M L-phosphoglycenc acid added, N- atmosphere 

15 

Cytochrome -f ATP -f fumarate -p cozymase added 

67 

0 005 M cyanide added 

5 

0 005 M azide added 

5 

0 1% ammo acid mixture added 

65 


f This activity averaged 17 1 counts per minute per mg of protein per hour of 


reaction time with homogenates prepared on different days 


The homogenate lost activity slowly at refngerator temperatures and 
letamed only 18 per cent of its original activity after 24 hours at 3° 

Smce mtact blood cells were present in the homogenates, the possibility 
existed that these cells weie responsible for the uptake However, the 
activity was not loweied when 'perfused liver was used m the preparation o 
the homogenate In addition, it was found that neither rat (non-nucleatedj 
nor chicken (nucleated) erythrocytes had significant activity when men 
hnted with glycine* in the standard nutrient solution 

Lporla^m of Various MetaboMes {Table /F)-The particles, freed of 
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soluble coBbtituenta b} three ANuahingb Bith balme-bitaibonate solution, 
provided a favorable material for a study of the role of these same constitu- 
ents m the process of C“ incorporation into the homogenate piotem When 
mcubated in sahne-bicarbonate solution, the pai tides had only a third as 
rai^h activity as when tested in the presence of the standard medium 
Of the individual inorganic ions, the omission of calcium lesulted in the 
^eatest deciease in the rate of C» uptake In contrast to this obsei vation, 
the omission of calcium led to a itimulalion of PAH synthesis (9) 

The omission of either glucose or citrate (oi both) from the medium le- 
suited in a decrease of appiovimately 20 pei cent m the late of C“ mcorpora- 
tion Fumarate appeared to substitute only partially for citrate m the 
presence of glucose In the case of PAH synthesis, fumaiate was the most 
e ective of a number of metabolites (chiefly components of the tricarbox- 
ylic acid cycle) in stimulating the reaction (9) 

Other indications that the mechanism of incorporation differs from 
that of PAH synthesis are findings that neither cytochrome c, under aeiobic 
conditions, nor adenosine triphosphate (ATP), anaerobically, stimulated 
the former process significantly Likewise, it was found that ATP faded 
0 reactivate preparations which had previously stood for 24 hours in the 
refngerator Phosphoglyceric acid, which can act as an ATP generator m 
wrtam cases (10), did not promote C“ uptake anaerobically Cohen and 
McGilvery (6) regard ATP as essential to PAH synthesis 

yndoxal, concerned with phosphate transfer m connection with decar- 
boxylase and transaminase activity, had no effect on utdization by 

omogenate protem, and had a slight depressant action at higher concen- 
trations 

A combination of cytochrome, cozymase, ATP, and fumarate exeited a 
epmsanf effect on C“ utdization, whereas a like combination stimulated 
PAH S3mthesis 

results obtained thus far permit no definite conclusions concermng 
e mechanism of the glycine* utilization pi ocess There is as yet no evi- 
ence that phosphate bond energy is required However, some type of 
oxidative mechamsm is certainly suggested by the fact that oxygen is re- 
quned and that cyanide and azide are stiong mhibitois of the reaction 
t IS worthy of note that the addition of a mrxtuie of all of the various 
amino acids (except glycine) depiessed, lather than stimulated, the late of 
uptake In this connection, it may be noted that C“ mcoiporation 
occurs With washed particles, piesumably freed fiom amino acids Hov- 
over, certam of the acids other than glycme can apparently be derived from 
g ycme (5), whde autolysis may supply others The C“ of the homogenate 
protem is distributed among several ammo acids (5) Neveitheless, it can- 
not be concluded that the mcorporation of a givmn ammo acid requires the 
participation of other ammo acids 
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SUMMARY 

The mcorpoiatlou of C“ into the protein of cell-free homogenates of rat 
Iivei has been obseived, following incubation with labeled glycine at 37° m 
an o\ygen atmosphere The process appears to be enz 3 Tnic m nature It 
IS mhibited by heat, cyanide, azide, and anaerobic conditions The rate of 
mcorpoiation of is dependent upon the glycme concentration, tune of 
reaction, and pH of the medium 

The enzyme system which piomotes the utilization of the of glycine 
is associated with the msoluble particles of the homogenate The process 
IS promoted by certam inorganic ions magnesium, phosphate, potassium, 
and particulaily calcium Of a number of oigauic substances tested, glu- 
cose and citrate exerted a slight stimulatory effect Adenosme tnphos- 
phate, cytochrome, pyridoxal, and cozymase, on the contrary, caused a 
shght mhibition 

Addenduvi — Very recently Mr E Peterson of our laboratory has obtained a several 
fold increase in the rate of incorporation by reducing the volume of the incuba 
tion mixture to 0 33 ml without altering the amount of homogenized liver or liver 
particles customarily employed Concentrated particles are about 3 times as active 
as liver slices, and since smaller amounts of glycine* (0 03 mg ) are employed, the 
efficiency is such that approximately 10 per cent of the is mcorporated within 
1 hour 
} 
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DISTRIBUTION OF lUlDIOACTIVE CARBON AMONG CERTAIN 
AMINO ACIDS OF LIVER HOMOGENATE PROTEIN, 
FOLLOWING UFfAKE EXPERIMENTS WITH 
L/UBELED GLYCINE* 

By THEODORE \VL\NICK, INGRID MORING CLAESSON.f and DAVID M 

GREENBERG 

(From the Diitston of Diochemislnj, University of California Medteal School, Berl eley) 

(Received for publication, February 17, 194S) 

Following the demonstration that C“-labeled glycine (glycine*) is taken 
up by the protein of cell-free homogenates of rat hvei (1), it was peitinent 
to demonstrate that the radioactivity of the protein was due to mcorporated 
amino acids and to identify the lattei 
Frantz, Loftfield, and Millei (2), in studymg the uptake of alanine* by 
liver slices, showed that a laige peicentage of the ladioactmty of the pro- 
tem was due to alanine* They added relatively laige piopoitions of mert 
alanme earner to hydrolysates of the protein, and then isolated and purified 
the alanine by repeated recrystallization 
A technique similar to that of Fiantz and coworkers was employed by us 
to mvestigate the distiibution of C“ m homogenate piotem, following in- 
cubation experiments with glycme* The results have mdicated that a 
large portion of the C‘* is contained in seime and that glycine itself accounts 
for only about one-eighth of the total radioactivity of the protein 
lu order to determine mth certamty the identity of the radioactive sub- 
stance in the isolated glycine and seiine, these ammo acids were converted 
mto suitable derivatives Also, degradation pioceduies were used m cer- 
tam cases to detennme the position of the C^'* in amino acid molecules 

EXPERIMENTAL 

Labeled Clycine — C*‘‘H 2 (NH 2 )COOH containmg 4 57 microcuiies (560,000 
counts per mmute per mg m the Geiger-Muller counter) was synthesized 
by Ostwald (3) from methyl-labeled acetate (4) ^ 

Homogenate Protein — 0 5 gm of hver homogenate piotem was prepared 
by incubating insoluble cell particles with Ci^H 2 (NH 2 )COOH under suitable 
conditions (1) 

* Aided by grants from the American Cancer Society (recommended by the Com- 
mittee on Growth of the National Research Council), the National Cancer Institute, 
United States Public Health Service, and the Rockefeller Foundation 

t Permanent address, Upsala University, Upsala, Sweden 

* Dr Rosemarie Ostwald in collaboration with Professor M Calvin of the Uni- 
versity Radiation Laboratory 
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Isolation of Ammo Acids — ^The protein was hydrolyzed ivith 15 parts of 
6 N hydrochloric acid in a sealed tube m an autoclave for 18 hours at 17 
pounds pressuie^ The hydrolysate was decolorized with carbon, evapo- 
rated to dryness, redissolved in watei , and freed from residual chloride ivith 
silver carbonate Separate aliquots, each lepresenting 75 mg of the origi- 
nal piotein, vere mixed ivith 300 mg quantities of various pure amino acids 
that seived as earners The different ammo acids were then isolated by 
the foUowmg piocedures L-Glutamic and L-aspartic acids were precipitated 
fiom concentiated aqueous solutions at pH 3 2, while ethyl alcohol Mas 
added to promote the crystallization of glycme, DL-alanme, and »L-serine 
from neutial solutions The ammo acids were recrystallized (a specified 
number of times) to constant radioactivity L-Argmine was first separated 
as the diflavianate and then converted to the monohydiochloride 

Table I 

Dciivaltves of Glycine, Senne, and Alanine 
The derivatives were prepared from four times recrystallized alanine and seven 
times recrystallized glycine and serine 


Compound 

Mp 

Nitrogen 

Found 

Reportedf 

Found 

Theory 


-c 

'C 

per cent 

per cent 

■^cetylglycine 

205-206 

207-208 (5) 

11 45 

11 95 

'Phenylureidoserine 

164-166 

168-169 (6) 

12 22 

12 49 

Benzoj lalanine 

161 

160-161 (7) 

7 09 

7 22 


t The figures in parentheses refer to the bibliography 


Nitiogen determinations on the purified ammo acids gave results which 
agreed m all cases with theoretical values to withm 0 5 to 1 per cent 
Punjicaiton of Glycine and Senne — ^50 to 100 mg quantities of seven 
times leciystaUized glycine and serine weie converted to the acetyl (5) and 
phenylurea (6) derivatives, respectively These derivatives were recrystal- 
hzed twice fiom hot watei and dried at 100° Their puiity was established 
by meltmg point and mtiogen determmations (Table I) Data are also 
‘given for benzoylalanme, piepared by the method of Dunn and coworkers 
(7) This compound was used m pilot separation experunents, but not m 
connection with protem analysis 

Degradation of Senne— The C“ of the carboxyl group was detennmed by 
treatmg 15 mg of serme (recrystalhzed seven tunes) with nmhydrin, ac- 
cording to the procedure of Van Slyke, MacFadyen, and Hamilton (8), an 
coUectmg the evolved carbon dioxide as barium carbonate ^ 

The of the ^-carbon was measured by oxidation of 15 mg of the sei^ 
with periodate and isolation of the resulting formaldehyde as the dimeu 

derivative (9) 
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Dcgradahoii of Alaninc-Thc C» of tlie carboxyl gioup was measured as 

m the case of serme ». c i c 

The of the a- aud |3-caibon atoms was detei mined by treatment ot lo 

mg of four times iccrystalhzed xl mine with ninhydrm and isolation of the 
resulting acetaldehyde -is the 2 , 1 -dmitiophenylliydiazone The method of 
Van Slyke and cowoikers (8) was used, except that 2 ml of saturated dim- 
trophenylhydrazme m 2 K hydrochloiic acid, instead of barium hydroxide, 
were placed in one arm of the ippaiatus Aftei the solution was cooled, 
the hydrazone was collected, washed with cold 2 N acid, and drie m air 
Radtoadwily Measurements— The technique of collectmg and counting 
samples is given in the precedmg papei (1) Samples of serme which hac 
relatively high activities gave counts of 3 to 4 times the background strength 
and could be measured readily with an eiior in counting of less t an per 
cent The correspondmg error was 5 to 7 pei cent with other ladioactive 
preparations The reproducibility of measuiements wath xaiious su 
stances is mdicated by the values recorded foi successive stages of puri- 
fication , , , 

The followmg formula was used to calculate the percentage ot the total 

radioactivity of the protems due to each ammo acid 
% total C“ due to ammo acid 4. 

Specific activity of A (diluted with earner) 

Specific activity of original protein 

The total weight of A was taken as 300 mg (the quantity of A m the piotem 
neglected), and the weight of protem as 75 mg The term specific activity 
represents counts of per minute pei mg of ammo acid oi pio em 
This general procedure is similar to that outlmed by Frantz an co\v or cers 
(2) It does not reveal the actual concentrations of C» m the ammo acids, 
unless the ammo acid composition of the protem is also own 

BESUXiTS AND DISCUSSION 

Table II indicates that less than 1 per cent of added glycine is retained 
by either serme or glutamic acid after five recrysta iza ions ^^^^luhilitv 

acid resembles glutamic acid closely m propel ties an asaowei ^ 

m water, no difficulty would be anticipated m freemg i o g 
most improbable that glycme* would contammate t e iso e 
Table III shows that only about 11 to 12 per-cent of the total C m the 

protem of liver homogenate was due to glycme - rpu ^ ,.orl,r^QP 

Approximately 60 per cent of the C» was due to seime This radioac- 

= Th,8 same conclusion waS reached through separate 
menta m which hydrolysates of labeled homogenate proteins 
coal columns 


total weight of A ^ 
^ eight of protem 
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Tabll II 

Removal of Small Proporlions of Glycine* from Serine, Glutamic Acid, and Alanine 
3 mg of glycine* (15,000 counts per mg per minute) nere added to 300 mg of 
inactive aimno acid Glutamic acid was recrystallized repeatedly from hot water 
and washed each time with cold water Alanine and serine were recrystallized from 
aqueous solution by the addition of alcohol and were washed with alcohol In a 
separate experiment, a mixture of 3 mg of glycine* and 300 mg of alanine was 
benzoylated, and the isolated product recrystallized repeatedly from hot water 
The results are expressed in counts per minute per mg 


Amino acid present in excess 

Imtia! radio* 
activity due to 
glycine* 

Activitv after 4 
ciystaflizations 

Activib after S 

ctystaUiz-Uoas 

Serine 

150 

2 0 

■n 

Glutamic acid 


0 8 


Alanine 


70 


Benzoylalanine 

150 

40 

■i 


Table III 

Distribution of among Certain Amino Acids of Liver Homogenate Protein] 


Glycine 


Serine 


Alanine 

Glutamic acid 
Aspartic acid 
Arginine 


Substance isolated 

C>* content of amine 
acid 

Ipercent of total 0* 
of protein due to 
ammo acid 

5th recrystallization 

counts per min 
per ms 

0 74 

12 0 

6th 

0 70 

11 4 

7th 

0 75 

12 2 

Acetyl derivative 

0 67t 

10 9 

5th recrystallization 

3 98 

64 5 

6th 

3 75 

61 0 

7th 

3 68 

59 5 

Phenylurea derivative 

3 58t 

58 0 

COOH group 

0 00 

0 0 

(3-Carbon (formaldehyde) 

0 40 

6 5 

COOH group 

0 00 

0 0 

a- + P carbons (acetaldehyde) 

0 00 

0 0 

5th recrystallization 

0 09 

I 5 

5th 

0 07 

1 1 


0 05 

0 s 


t The activity of this material corresponaea lo do cuuuua - 

1 This value w as calculated from the observed C» content of the derivative an 

weight relative to that of the ammo acid 

tmty was contained chiefly m the a-carbon position, smee there was none 
g.o„p and only a low con=entra..on m the “I 

molecule These results are consistent with the view that serin 
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formed by a condensation of the methyl-labeled glyeine (or a related 
2-carbon denvati\e) with a second substance which provided the yd-caibon 
The process may repicsent a reveisal of that desciibed by Shemm (10), 
whereby the carboxyl and a-caibon atoms of serine give use to glycine m 
rats and guinea pigs, with glyoxyhc acid as a possible mtennediate Ee- 
cently Ehrensvaid and associates (11) have obseived the foimation of seime 
fiom glycine in yeast 

Alanine isolated from the protein hydiolysate of the liver homogenate 
with carrier was observed to be ladioactive ^ This activity was retamed 
after benzoylation However, degiadation expeiiments yielded no m 
the a-, /3-, or carboxyl caibon atoms These findmgs, together with the 

Table IV 

Inhibitor!/ Effect of Non-RadioacUve Amino Acids on Utilization of Glycine* by 

Liver Homogenate 

3 ml samples of a preparation of washed, insoluble homogenate particles in 
standard medium (1) were incubated with 0 2 mg of C*’H'>(NH 2 )COOH and 2 0 mg 
of an inactive amino acid for 1 hour at 37“ The protein fraction was isolated as 
described m the preceding paper (1) 


Inactive anuno acid added 

C** content of horoogen 
ale protein 

Relative incorporation 
of mto protein* 

None 

counts per ram per mi 

13 3 

100 

Glycine 

1 4 

10 

DL-Alanine 

7 4 

56 

oi-Serine 

I 6 

12 

DL-Threonine 

9 5 

72 


* The control experiment (no inactive ammo acid) is expressed as 100 
1 


observations m Table II, lead to the conclusion that the alanine was con- 
taminated with C“-containing ammo acids 

The low concentrations found m glutamic and aspartic acids and m 
aigimne mdicate that the fixation of carbon dioxide, derived from the de- 
composition of the glycine*, xvas responsible for only a minor fraction of the 
C*'* incorporated mto the liver homogenate protein This lesult may be in 
part a consequence of the use of bicarbonate in the nutiient medium duimg 
the incubation piocess The bicarbonate would have diluted the ladio- 
active carbon dioxide greatly 

Table III accounts for appioximately 75 pei cent of the C“ of the protein 
Losses probably occurred during hydrolysis Also other ammo acids, m 
addition to those isolated, may have contamed 

* The radioactivity could not be removed by treatment with norit A 
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In connection with the conveision of glycine to serine, it is noteworthy 
that the addition of excess inactive glycine or seime resulted in an inhibition 
of approximately 90 pei cent m the degree of C*'* mcorporation into homog- 
enate protein (Table IV) ^ This effect can be ascribed to a dilution of ra- 
dioactive by inactive amino acid Alanme and threorune, which are prob- 
ably not derived from glycine, inhibited C*'* uptake to a much lesser degree 
Lastly, it may be mentioned that results m accord with those m this paper 
were obtained when carboxyl-labeled glycme (3) was used as a source of 
C“ in homogenate protem In this case, almost 100 per cent of the C“ 
could be accounted for as carboxyl groups of the hydrolyzed protein Ser- 
ine agam accounted for more than half of the 

SUMMARY 

Radioactive piotein, deiived fiom mcubation of hver homogenate with 
C^Mabeled glycine, was hydrolyzed and subjected to analysis Ammo acid 
isolation experunents with non-radioactive earners mdicated that only 11 
to 12 per cent of the in the protem was due to glycine itself The major 
portion, approximately 60 per cent, of the isotopic carbon was found m 
serine, derived from the glycme Low concentrations of were found m 
glutamic and aspartic acids and m argmme Alanme contamed no C“ 

• 
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THE INFLUENCE OF pH, DYE, AND S/U:>T CONCENTRATION 
ON THE DYE BINDING OF MODIFIED AND 
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(From the Deparlmcnls of Anatomy and Phyncal Chemistry, Harvard Medical School, 

Boston) 

(Received for publication, Januarj 23, I04S) 

• The combmation of cationic and anionic dyes with pioteins of tissues is 
difficult to interpret chemically because the leactions depend upon many 
factors .Vmong these are the physicochemical conditions of staimng and 
the chemical structure, purity, and physical state of the protem ^ The 
study of these factors may be simplified by employmg “model tissues” but 
the solid proteins heretofore available for such study (6-9) have ceitain 
inherent disadvantages {eg , vool is a highly specialized fibious pioteiti 
and gelatm a degiaded one) hlowevei, fibrm, a solid protem recently 
made available in the form of a film (10, 11), is better suited for this pur- 
pose Although it IS m a solid and insoluble state, fibrm film must be con- 
sidered a native undenatured protein, since the fibrinogen from which it is 
prepared is completely soluble and the conveision of fibrinogen mto fibrm 
by homologous thrombin is chemically identical with the physiological foi- 
mation of fibrm withm the body Homogeneous sheets of fihn may be pre- 
pared at imifoi-m and desirable thicknesses, and these sheets may be stamed 
under suitable experimental conditions The amount of dye combmed 
with the fibrm may be measuied photometrically In the present leport, 
the mteractions of fibrm with catiomc and aniomc dyes and the effects 
thereupon of variations of concentration of dye, of ionic stiength, and of pH 
of the staimng solution will be considered The effects of three denatuimg 
treatments upon the subsequent interaction of fibrm and dye will also be 
descnbed = 

This paper is No 71 in the senes “Studies on plasma protein” from Harvard 
edical School, on products developed by the Department of Physical Chemistry, 
rom blood collected by the American Red Cross The investigation was aided bj a 
grant to the Department of Anatomy from the American Cancer Societj on the 
recommendation of the Committee on Growth of the National Research Council 
t Present address. University of Wisconsin, Madison, Wisconsin 
* A preliminary report of the present study was made at the annual meeting of the 
mencan Association of Anatomists (1) and some initial applications of this study to 
issue sections are reported elsewhere (2-5) 

° The effects of heat treatments on fibrin film have been reported elsew here (12) , 

It was observed that the affinity for dye under a single fixed set of conditions is a 
very sensitive criterion of modification of the protein 
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Id. coDDectiOD mth. the conversion of glycine to serine, it is noteworthy 
that the addition of excess inactive glycine or seiine resulted m an inhibition 
of appioxmiately 90 per cent m the degree of C^'* incorporation into homog- 
enate protein (Table IV) This effect can be ascribed to a dilution of ra- 
dioactive by inactive ammo acid Alanme and threonme, which are prob 
ably not derived from glycine, mhibited C*'‘ uptake to a much lesser degree 
Lastly, it may be mentioned that results m accord with those m this paper 
were obtained when caiboxyl-labeled glycme (3) was used as a source of 
m homogenate protem In this case, almost 100 per cent of the C“ 
could be accounted for as carboxyl groups of the hydrolyzed protem Ser- 
me agam accounted for more than half of the 

SUMMARY 

Radioactive piotem, derived from mcubatiou of hver homogenate with 
C“-labeled glycme, was hydrolyzed and subjected to analysis Ammo acid 
isolation experiments with non-radioactive cairiers indicated that only 11 
to 12 per cent of the C“ m the piotem was due to glycme itself The major 
portion, approxuuately 60 per cent, of the isotopic carbon was found in 
serme, denved from the glycme Low concentrations of were found m 
glutamic and aspartic acids and m argmme Alanme contained no C“ 
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Buffers — Since dje binding was studied betu'een pH 2 and 10, it was nec- 
cssaiy to use seveial buflui systems A boiate system (14) was employed 
above pll 8, pliosphatc bulTeis (15) between pH 8 and 5 5, an acetate sj^stem 
(15) between pH 5 5 and 3 8, and hydrochloiic acid-sodium chloride mix- 
tures below" pll 3 8 The use of these various systems complicates the 
interpretation, since the dye-piotein interaction may be influenced by the 
ionic strength, by the concentration of positive and negative chaiges, and 
by specific ion elTects When the influence of phosphate and acetate 
buffers was compared at a single pH and ionic strength, there was excellent 
coi respondence in the uptake of dye (Table I) This apparently indicates 
that Donnan and specific ion eftects are of little unportance Howevei , at 
this pH, which IS neai the isoclectiic point of fibrin, Donnan and specific 
ion effects may be less than at a pH where the net chaige on the protem is 

Table I 

Effect of Dvffer Gomposilion on Uptake of Dye by Fibrin Film 
pH 5 50, ionic strength, 0 0-f, dye concentration, 2 5 X 10“^ si 
The amount of bound die is expressed as optical density per mg of fibrin per 
sq cm 


Treatment of fibrin 

Amouot of methylene blue bound to 
fibrin 

Amount of orange C bound to fibrm 

1 

Acetate , 
solution 

Phos- 

phaie 

solution 

Chloride 

solution 

Citrate 

soluiJoo 

Acets te 
solution 

Phos 

phale 

solution 

Chloride 

solution 

Citrate 

suluuon 

Unmodified 

0 07 

0 15 

0 10 

0 17 


0 45 

0 49 

0 43 

1 min at 100° 

0 25 

0 25 

0 24 

0 41 

1 27 

1 14 

0 87 

1 14 

20 min at 120° 

0 35 

0 33 

0 38 

0 59 

1 29 

1 33 

1 13 

1 01 

Formaldehyde 

2 21 

2 00 

0 73 

0 80 

0 41 

0 40 

0 19 

0 29 


higher Yet, the curves relating dye binding to pH exhibited no discon- 
tinuities at the point corresponding to transitions fiom one buffer system to 
another (Figs 3 to 6) Nevertheless, Donnan and specific ion effects can- 
not be entirely neglected, since considerable discrepancies were obtained 
when the effects of citrate and chloride systems were compared (Table I) 

Dyes — ^An acid dye, orange G, and a basic dye, methylene blue, were used 
The dye samples used were ceitified by the Biological Stam Commission 
Methylene blue, tetramethyldiammodiphenazthionium or tetramethyl- 
thionine, was obtamed as the chloride salt, CjsHisNaSCl, m a purity of 84 
per cent Orange G, CieHioNaOySzNaj, is the disodium salt of a strongly 
acid dye, benzene-azo-2-naphthoI-G,8-disuIfonic acid, the purity of the 
sample was 89 per cent 

The dye concentrations covered a fairly wide range (1 to 125 X 10"® m) 
the limits of xvhich were set by the technical difficulties of measunng the 
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bound dye ' These limits were extended somewhat by the use of films of 
different thickness The concentration of the dye solution in equibbiium 
with the stained film \yas measured with a Edett photoelectric colorimeter 
at the termination of each experiment Smce large volumes of dye solution 
were used in stainmg the fi l m , the final dye concentration never deviated 
from the mitial by more than a few per cent 

Staining Procedure — Pieces of film of the four types, approximately 2 cm 
squire and cut to vaiious shapes for identification, were suspended in 1500 
cc of dye solution at a temperature of 25° zfc 0 1° The solution was stirred 
contmuously, and at 24 houi intervals the films were removed and their dye 
content measured If the optical density of the film had mcreased no moie 
than 5 per cent since the previous readmg, this readmg was taken as the 
equilibrium value With the thinner films equilibrium was mvariably 
reached withm the first 48 hours 

The optical density of the films was determmed with a Pulfiich photome- 
ter equipped with a green filter (Zeiss L-II) Befoie measurement, each 
film was mounted with slight pressure m a drop of buffer solution between 
two glass shdes To decrease cloudmess, the unmodified films were bnefly 
immersed m glycerol After such treatment, unstained film transmitted 
w to 95 per cent of the mcident light In practice, with this unstamed 
t Mntrol film m place, the light wms adjusted until a meter leading of 100 was 
■mbtamed The peicentage absorption of the stamed films was then read 
directly and the optical density calculated as the negative loganthm of the 
transmittance 

Dislis of about 1 5 sq cm in area were punched from the stained films 
and, after the glycerol was washed from the unmodified films, the films 
were dried at 110° for 16 to 48 hours and then weighed The diy weight 
was taken as fibrin and the opacity was then expressed as optical density 
per mg of fibrin per sq cm In these experiments the weight contribution 
of the bound dye was always neghgible 

Results and Comments 

Relation of Dye Uptake to Amount of Fibnn and to Film Thickness— 
relations between the amount of dye bound, the film thicloiess, and the 
film weight were studied under several conditions in a series of films rangmg 
from 2 to 25 mg per sq cm Provided equilibrium had been attamed, the 
amount of methylene blue bound to films of various thicknesses ivas propor- 
tional to the amount of fibrin (Fig 1 ) These results indicated that the dye 
was distributed uniformly throughout the film irrespective of thickness and 
was not m higher or m lower concentration near the surface 

Optical Density of Bound Dye— To determine the amount of dye corre- 
spondmg to a particular optical density, the hght absorption of known quan- 
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titles of fibnu-bouud dye was measured Pieces of fibrm film of Itnown size 
and Height were immeised m different volumes of dye solution and the 
paitly filled containers weie rotated foi 24 houis, the films Here then re- 
moved and then optical densities determined Finally, the concentration 
of the residual dye m the solution was measuied and the amount of dye 
taken up by the film calculated The quantities of fibrin and dye were so 
chosen that a considerable fraction of the dye was taken up fiom the solu- 
tion 



not have reached equilibrium As noted in the figure, three molar concentrations 
el methylene blue were used 25 X 10“®, 5 X 10~^, and 1 X 10”^ 

A protocol of one such evpenment with methylene blue is presented in 
Table II The results of aU experiments with this dye showed that the 
optical density per mm pei sq cm describes a single straight Ime correspond- 
ing to an absorption constant of 3 92 X 10’ (Fig 2, Table III) Therefoie, 
the nature of the dye bmding is independent of the degiee of saturation, 
and consequently the interaction of methylene blue and fibrin adheres to 
Beer’s law The nature of the binding also appears to be mdependent of 
the treatment to which the film was exposed, smee the various pomts (Fig 
2) define a single function, although different films and different stainmg 
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conditions were employed Accordingly, the amount of bound dye will be 
calculated with this absorption constant 
The broken curve in Fig 2 shows the optical densities of similar amounts 
of free dye The small but dehnite difference between the two is of the 
same order as that observed by Michaelis and Gianick (16) for the binding 
of methylene blue to nucleic acid Similar displacements of absorption 
curves have been observed on binding other dyes to soluble proteins (17) 

Tabie II 


Protocol of One Experiment to Determine Absorption of Bound ^[ethylene Blue 

pH, 7 08, formaldehyde treated fibrin film, concentration of dye, 9 8 X 10"* mole 
per liter 


Volume 
of il>e 
coluiiun 

Weight of 
5brm 

Tinal dye 
CO nee n 
truUon 

Bye bound 

Dye bound 
per mg 
fibrm 

Optical 
density of 
film 

1 

Film weight 

Optical 

I density 
per mg per 
sq cm 

1 Optical 

1 density per 
mil per sq 
cm X 10 3 

ec 


ni4 per cc 
X /Oi 

mu X 10» 

mu X lOi 


mg Jibrtn 
per sq cm 



10 

268 

0 51 

0 93 

0 35 


15 4 


3 72 

20 

240 


1 82 



15 7 


3 66 

40 

1 236 

msm 

3 52 

1 50 

i 0 86 

15 1 

Isfsisi 

( 3 80 

SO 

219 

1 57 

6 56 


1 44 

13 8 

0 104 

3 49 

160 

280 

1 87 

' 

12 70 

4 54 

2 70 

15 6 

0 173 

3 81 


f Table III 

Light Absorption of Methylene Blue and Orange G When Bound to Fibrin under 

Several Conditions 


Trcatraent of fibrin 

Orange G 

Methylene blue 

■ pH 

1 

Optica) den 
sity per mu 
per s<i cm XI 
l(r» 

pH 

Optical den 
sily per mU 

per sq cm X 

i(r> 

Formaldehyde 

4 0 

2 77 

7 0 

3 69 

Heated 

4 0 

2 35 

7 0 

3 98 


6 5 

3 87 

10 0 

3 77 


In terms of the amount of absorbing substance, these values are equivalent to the 
absorption of a molar solution of dye at a depth of 1 cm 


Changes in the absorption spectrum of orange G were observed w'hen the 
dye w'as made more concentrated in free solution and when it became boun 
to the protein And, unlike those of methylene blue, the absoiption con 
stants of bound (Table III) and free orange G varied according to the pH 
and, m the case of the bound dye, also accordmg to the film used ^ Conse 

*Les 3 variation was observed when a blue filter was used (Zeiss H-IH) nhic 
transmits w ave lengths closer to the absorption mavimum How ever, at these w 
lengths the eye is less sensitive than at those used here 
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quently, for exact conversion of the optical density into moles of dye it 
would be necessary to coiicct loi the chiomatic changes under each set of 
staining conditions .\ii a\eiage absoiption constant of 3 0 X 10* was 
used here 

Influence of pll — ^The effect of pH on dye binding is shown in Figs 3 and 
4 The acid dye, oiange G, is bound stiongly at low pH and, as the pH 
IS raised, dye binding falls off until no staining can be observed This fall 



Flo 2 The relation between optical density and millimoles of methylene blue 
bound to the fibrin film The broken curve represents the optical densities of similar 
amounts of free dye 

accompames the progressive decrease in the net positive charge on the pro- 
tein, but some acid dye is bound even with a net negative charge The 
curves foi the basic dye, methylene blue, are the reverse of those for orange 
G Except for the formaldehyde-treated film, the change m binding of 
methylene blue with pH is more gradual than is that of orange G This 
may be related to the more gradual slope of the titration curve of fibrm 
above pH 5 5 

The quantitative mterpretation of the effects of pH, as well as of salt and 
dye concentration, will not be attempted here The bmdmg of dye by a 
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tested piotem .s evidently complex (17), and with solid proteins analysis 
IS sta more difBcat, smce the concentlations of dye and salt and the pH ol 



pH 

Fig 3 The binding of methylene blue and orange G by various films at several 
dye concentrations .4,2 5 X si, 5, 5 X 10”® si, C, 1 X I0“® sr lomc strength, 
0 04 The ordinate scales are so adjusted that a given point represents the same 
molar quantity of either dye The factors for conversion have been taken from 
Table III In the case of orange G the specific absorption showed variation with 
pH, dye concentration, and type of film, an average value was used 

the liquid phase actually m equilibrium ivith the protem are possibly veiy 
difiereut from those of the staining solution These relations have pre- 
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viously been deseubecl m teuns of simple Donnan effects (8, 9) oi by moie 
involved treatments in ^\hlcl^ the “fibei watei ” is not consideied an ordinary 
aqueous enviionmcnt (18-20) 

Recent studies on pioteins ha\e shown maxmium binding foi acid and 
basic djes at pH 2 and 11, lespettively (21), and the amount of dye bound 
was con elated with the numbei of dissociated gioups on the protein Ac- 
cording to titiation data, and amino acid analyses, the mavimum binding 
of methylene blue and orange G to fibiin should be respectively 192 and 
122 X 10“* mole pei gm (12, 22) Actually, how'evei, the maximum oTd- 
ser\ed values were less than 10 pei cent of these figures, so that the amount 
of dye bound did not indicate the numbei of dissociated acidic and basic 
groups Furthermore, at high oi low pH the binding of dye varied with the 
dye concentration and the ionic stiength of the solution (Figs 3 and 4) 
Thus, the binding of orange G at pH 2 and lomc strength 0 04 (Fig 4, B) 
IS 8 to 9 X 10~* mole per gm foi formaldehyde and heated films At lomc 
strength 0 15 (Fig 4, C) the dye uptake is approximately halved Similar 
variations may be seen in the other figures, although m many instances the 
information is incomplete at very high or low pH and judgment must be 
lunited to the trend of the curves 

Bye Concenlralion — ^The influence of dye concentration on bmdmg to the 
four films is sho^vn m Fig 3 and to a smgle film m Fig 5 No bmding is 
seen in the unmodified film at the lowest dye concentration There is a 
progressive decrease m staimng of each film with decrease in dye concentra- 
tion but these changes m dye bmdmg do not follow' the Langmuir adsorption 
isotherm It is of mterest that the two heat-treated films become mdis- 
tmguishable at low dye concentrations 

lomc Strength — ^The mfluence of lomc stiength is shown m Fig 4 for the 
four films and m Fig 6 for a smgle film In each instande less acid oi basic 
dye was bound at the higher salt concentration This may reflect merely a 
decrease m the concentration of free dye withm or between the fibiillae of 
the film as a result of mcreased salt concentration On the other hand, 
under conditions of low ionic strength and high charge on the protem the 
concentration of dye ion withm these spaces might be mci eased many times 
over the outside concentration Another possibility is that competition of 
the salt with the dye ions for bmdmg sites on the protem w'ould reduce the 
dye uptake A steepening of the curves with decreased ionic sti ength (F igs 
4 and 6) is also observed m the titration of soluble and fibrous proteins (18) 

Effect of Modification — ^The four films were compared imder each set of 
experimental conditions With one exception, modified fibrin was charac- 
terized by a greater aflamty for either dye than w'as unmodified fibim 
(Figs 3 and 4) The one exception was formaldehyde-treated fibrm 
stamed m a concentrated solution of orange G (Fig 3) Furthermore, the 
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thiee modified films showed dxffeient affimties for the dye and the order of 
affinity was independent of the conditions of stainmg Formaldehyde- 
treated film showed the greatest affimty for basic dye, followed in order by 



Fig 4 The dye binding of various 61ms at different ionic strengths A, 001, 
0 04, C, 0 15 Dye concentration, 1 X 10'^ m Ordinate scales adjusted as lo 

Fig 3 


the strongly and mildly heated films This succession was reversed for the 
acid dye Under some conditions it was not possible to differentiate be- 

tv een the two heated films (Fig 3, C, Fig 4) ^ 

The alteration of the apparent isoelectric pomt of fibrm (Table 1 ) 
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interest in interpreting the effects of modification The order of displace- 
ment of the isoelectric point caused by the various modif3Tng treatments 
corresponds to a similai order of affinities foi dye of the diffeient modified 

na. ORANGE G METHYLENE BLUE 


Dye concentration -1 1 2 



23456789 


Fig 5 The influence of three levels of dye concentration on the binding of dye by 
a single film, heated for 1 minute at 100® Ionic strength, 0 04 Ordinate scales 
adjusted as in Fig 3 



pH 

Fro 6 The influence of ionic strength on dye binding in a single film, heated for 
20 minutes at 120® Ordinate scales adjusted as in Fig 3 

films (compare Fig 3 and Table IV) The greatest decrease in isoelectric 
pomt of the modified fibrin occuried m formaldehyde-treated film This 
film also showed the greatest affimty for basic dye and the least for r 
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The observed effects of modifying treatments upon staining may be 
accounted for by two general mechamsms first, a change in the physical 
structuie oi foim of the protein, such that evistmg bindmg sites are made 
more available to dye (23, 24), and second, a change m the net charge re- 
sulting fiom eithei an mcrease or'a decrease m the number of positively or 
negatively chaiged gioups (t e , by a shift in the isoelectric point) In the 
foimei instance both dyes would be bound more readily, while m the latter 
one would expect an mcrease m affinity for one dye and a decrease m nffin 
ity foi the other Smce the affimty of fibrin for both acid and basic dye 
was gieatly enhanced by heat treatment, heat treatment must largely affect 
the availabihty of the dye bindmg sites This change is presumably due to 
some physical reorganization m the fine structure of the fibim, or perhaps 
of the molecular units themselves (cf (23, 24)) In accord with this con- 
cept of a major effect fiom a physical reorganization, the dye bmding curves 
of the mildly and strongly heated films are close or the same (Figs 4 and 5), 


Table IV 

Isoelectric Point of Fibrin Films As Indicated by Electrophoretic Migration 


Treatment of fibrm 

Isoelectric point 

Change m «oclectnc 
pomt on txeatjneDt 

Unmodified 

6 0 


1 imn at 100° 

5 7 

0 3 

20 mm at 120° 

5 5 

0 5 

Formaldehyde 

5 2 

0 8 


Ionic strength, 0 02 


although the degree of heatmg differed considerably The small but defi- 
mte difference between the curves of the two heated films evident under 
most cohditions of stainmg suggests a slow progressive chemical modifica 
tion as well, an effect also noted m previous studies (12) The progressive 
mcrease in basic and deciease m acid dye bmdmg which appears with pro- 
longed heating could result from a lowering of the isoelectnc pomt, this 
possibihty IS supported by the electiophoretic studies 

Foimaldehyde treatment rendered the film veiy basophihc (Figs 4 an 
5) This could result fiom the reaction of formaldehyde wth amino 
gioups to deciease the net positive charge (25) But m such a condition 
the affinity for acid dye should be reduced, while, actually, this affunt> 
was approximately that of unmodified film A possible explajiab°“ 
that, m addition to the obvious combmation with basic groups, 
hyde may also increase the availabihty of all remainmg charpd ffo PJ 
by some physical modification of the stincture similar to that aesc 
above for heat treatment 
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la^J^L^UR■i 

The affinities of films of human fibrin foi the acid dye, orange G, and the 
basic dye, methylene blue, have been studied under conti oiled conditions 
of pH (2 to 10), ionic stiength (0 01 to 0 15), and dye concentiation (1 to 125 
X 10“® ji) The extent of combmation was a function of all these variables 
^lodification of the film by heat or foiinaldehyde treatment resulted in an 
increase in its aflimty for acid and basic dye and a simultaneous or subse- 
quent alteration m its relative affimties foi the t\\ o dyes The second effect 
was correlated with changes m the isoelectric point as measuied by electro- 
phoretic migration The maximum binding of anionic and cationic dye at 
low and high pH, respectively, was much less than the estimated number 
of charged groups and this binding capacity varied with the ionic strength 
and concentration of dye 
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XIII AN BIPROVED PROCEDURE TOR DETERMINATION OF PYRIDOX AL 
WITH LACTOBACILLUS CASLI* 

By JESSE C ILVBINOWITZ, NELL IRENE MONDY, and ESMOND E SNELL 

{From the Department of Biochemistry, College of Agriculture, University of 

Wtscoustrt, Madison) 

(Received for publication, April 19, 194S) 

Of all the known foims of vitamin Bo, p 3 Tido\al, pyridoxamme, pyri- 
doMne, pyndoxal phosphate, and pyiidoxamine phosphate, only pyiidoxal 
show's significant activity in promoting growth of Lactobacillus casei m a 
vitamin Bo-free medium (1, 2) For this reason, Lactobacillus casei was 
used to demonstiate the occuiience of pyiido\al m natural products, w'hich 
also contain othei forms of vitamin Bo (3) It was pointed out, howevei, 
that the method used gave variable results from time to time, recorded 
assays were therefore the aveiage of several individual determinations and 
were legaided as meiely tentative 

Since then, additional information about the nutritive requirements of 
Laclobaallus casei and the liberation of vitamin Bo from its bound forms has 
per mitted development of a much more satisfactory method for determina- 
tion of pyiidoxal This is desciibed below 

EXPERIMENTAL 

Basal Medium — The composition of the basal medium finally adopted is 
shown in Table I This diffeis from the previous medium chiefly in addi- 
tion of a tiyptic digest of casein, in the omission of purine and pyrimidine 
bases, and in addition of higher levels of the other vitamins required by the 
test organism Enzj'matic digests of casein have been shown to contain 
substances w'hich permit more rapid and extensive growth of Lactobacillus 
casei than is obtained in then absence (4) It is sometimes difficult, how- 
ever, to free this material completely from vitamin Be, hence it has not 
been used as the sole somce of ammo acids Both the enzymatic and acid 
hydiolj sates of casein were prepared by pioceduies previously described 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station Supported in part by a grant from the Research Committee of 
the Graduate School from funds supplied by the Wisconsin Alumni Research I ounda- 
tion Some of the work reported here was carried out at the Biochemical Institute 
of the Umversity of Texas For Paper XII of this series, see Rabmowitz and 
Snell (1) 
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(4, 2) If, aftei the two charcoal tieatments lecommended m these pro 
cedures, the blanlc tubes still support some groivth, the casein hydrolysates 
aie stilled at pH 7 0 for 15 minutes iiuth 10 pei cent of Darco G-60 for a 
third time Houevei, this additional tieatment has larely been necessary 
Ademne, guanine, and uiacil, usually included in media of this t3'pe, have no 
effect on giowth of Lactobacillus casei under the conditions used for assay 
and were omitted If it is desired to use the medium for other lactic acid 
bactei la, many of which i equire one oi more of these compounds under these 
conditions, they should be added at a level of 2 0 mg each pei 100 cc of 
double strength medium 


Table I 


Composition of Basal Medium 


Substance 

Amount 
per too cc 
double 
strength 
medium 
(20 assay 
tubes) 

Substooce 

Amount 
per 100 cc 
double 
streegtb 
medium 
(20 assay 
tubes) 

Tryptic casein digest (Roberts and 
Snell (4)) 

X Acid-hydrolyzed casein 
,/Glycine 

Asparagine 

DL-Tryptophan 

L-Cystine 

Dextrose 

Sodium acetate* 

K:HP04 

KH 2 PO 4 

mg 

1000 

1000 

40 

20 

20 

40 

2000 

1200 

100 

100 

MgSOj 7HjO 

NaCl 

FeSOi 7HjO 

MnS 04 H,0 

Riboflavin 

Thiamine hydrochloride 
Calcium pantothenate 
Niacin 

p-Aminobenzoio acid 

Folic acid 

Biotin 

mg 

40 

2 

2 

2 

1 

SO 

40 

SO 

SO 

40 

2 

04 


* The amount of sodium acetate indicated is in addition to that furmahed by the 
tryptic digest of casein When prepared as recommended (4), this latter ingredient 
supplies about 985 mg of sodium acetate, which brings the total concentration of thia 
substance to slightly over 2 per cent of the double strength medium 


The casein hydrolysates mth added ammo acids and the solution of the 
vitamins Aveie kept in the lefngeiator under toluene These mixtures are 
also used foi piepaiing the basal medium in the assay of pyiidoxamine an 
pyiidoxal ivith SDeptococcus faecalis (5) The sugai and salts ivere kep^ 
in a solution fi ozen at -4° These solutions may be stored foi at leas j 
months The basal medium ivas prepared as required at twice its tm 
concentration by mixung the calculated amounts of each of these solu i 
and adjustmg the pH to 7 0 n ith potassium hydroxide 

Steel Cidlwe and Inoculum— Lactobaalkis casei nas cam 
cultuies in yeast-dextrose agar (1 per cent yeast extract, 1 per cent g 
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1 5 pel tent agai ) w ith incubation at 30° ‘ Stock cultui es wei e transferred 
every 2 weeks fioni the yeast-de\tiosc agai to an enriched agar described 
by Huntci (G) ^Vftei incubation m the eniiched agar foi 24 hours, the 
culture c\ as transferi ed back to the yeast-devti ose agar Cultures which 
were transfeircd less fieciuently often failed to giow satisfactorily in the 
inoculum tubes and the assay medium 

The basal medium supplemented wuth 100 my of pyiidoxal hydro- 
chloride pel 10 cc was used for gi owing inoculum After 20 to 28 hours 
incubation at 37° the cells weie centiifuged, resuspended in 10 cc of 0 9 
per cent sodium chloride solution, lecentiifuged, and again suspended in 
10 cc of sterile seline 

Assay Pi ocedurc— Since pyridoxal is altered when autoclaved wuth ammo 
acids (7), the usual procedure of adding the double strength medium to the 
samples and then autoclaving the sample and medium was not satisfactory 
Instead, water sufficient to make a volume of 5 cc after addition of the 
samples is autoclaved 10 minutes at 15 pounds piessure in 18 X 150 mm 
Pyre\ test-tubes which are covered with aluminum caps After the tubes 
have cooled, the samples aie added Duplicate tubes containing 0, 1, 2, 3, 
4, 5, 7, and 10 my of pyiidoxal hydrochloiide seive as the standard In 
many assays the samples w'ere steiihzed sepaiately, diluted appropriately m 
steiile water, and added aseptically A gieat numbei of assays have been 
run without these precautions, and wath no evidence of contamination, pre- 
sumably because of the heavy inoculum and the short incubation period used 

In some assays, the possibility of contamination was avoided by diluting 
standard and samples appropriately wath fieshly autoclaved water, dis- 
pensmg to the assay tubes, and leautoclavmg these tubes contaimng the 
w^ater and samples for 5 minutes 

The basal medium, previously autoclaved for 10 minutes at 15 pounds 
pressure and cooled, was inoculated ivith 1 0 cc of the was e ce 
sion per 100 cc of the double strength basal medium 5 cc ahquots of ttas 
inoculated double strength medium were added aseptically to each tube 
All tubes were then incubated at 37° for 22 houis, then steame or 
minutes to stop growth Aftei coohng, turbidities were determined ivith 
the Evelyn colorimetei adjusted so that the umnoculated basal “echum 
read 100 per cent transmission with the G60 m/i filter A typica s an ar 


curve IS shoivn in Fig 1 , i 

Preparation of Samples — Although autoclaving t e samp es wa 
ammo acids of the medium is readily avoided by the proce ures ® 

above, it is necessaiy to hydiolyze natuial materials m or er o ma 

^The stock culture of Lactobacillus casei was incubated at 
customary 37° simply for convenience In a controlled e^erimen , observed 

the response of Lactobacillus casei to graded amounts of pyridoxal was observed 

whether the stock culture had been incubated at 30 or 37 . 
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Vitamin Bg available to the test microoiganism (8), and the possibility 
existed that pjnidoxal or its bound foims might give rise by transamination 
to pyndoxamine dm mg this latter treatment 
Since glutamic acid has been shoun to be the most active ammo acid in 
this reaction (9), the effect of autoclaving pyridoxal and pyiidoxal phos- 
phate mth glutamic acid under the conditions used for hydrolysis of the 
sample was determined These results are shown in Table II In con- 
fiimation of pievious results (9), autoclaving pyridoxal mth a relatively 
concentrated solution of glutamic acid at neutrality results in loss of 
activity for Lactobacillus casei, mth only slight cliange m activity for 
Streptococcus faecalis or Saccharomyces carlsbergensis These changes in 



MILLIMICROGRAMS OF PFRIDOXAL Hd 

Fig 1 Response of Laciobactllus casei to p>rido\a] in the modified medium 


activity lesult from the transformation of pyridoxal into pyridoxainine 
The analogous transformation of pyridoxal phosphate to pyndoxamine 
phosphate also occurs under these same conditions However, under the 
conditions recommended (8) for liberation of vitamin Be from natural 
products, i e , autoclaving m a volume of 180 cc at pH 1 8, no loss in activity 
of pyridoxal oi pyridoxal phosphate was observed when the same amount of 
glutamic acid was present, le, transamination does not occur The 
amount of glutamic acid used, 30 mg , gave a higher concentration of the 
ammo acid than would normally be encountered, since only 50 mg olj 
Xral material are usually hydrolyzed in 180 cc of acid These data 
would mdicate, then, that under these conditions the pyridoxal present m 
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the original sample is liberated by this h3'diolytic pioceduie without sig- 
nificant transfoimation into pyudoxamine Recovery experiments, cited 
below, piovide additional evidence that this is the case 


Tabll II 


Effect of Conditions on Transamination Reaction between Glutamic Acid and Pyridoxal 
or Pyridoxal Phosphate 


Subilancc 


Treatment' 


Activity 

Glutamic 

acid 

Volume 

pH 

L 

casei 

s 

facccUs\ 

Pyridoxal HCl 

Pyridoxamine 2HC1 

Pyridoxal HCl (2 y) 

fflff j 

30 

cc 

20 

70 

y p‘ry 

10 

<0 02 
<0 02 

y per y 

10 

1 4 

08 

“ (2 “) 

30 

180 

1 8 

1 0 

1 1 

Pyridoxal phosphate (10 y) 

0 

180 

18 

023 

020 


30 

20 

70 

<0 002 

0 11 

(10 “) 

30 

180 

1 8 

0 23 

020 


The indicated amounts of pyridoxal or pyridoxal phosphate and glutamic acid 
were autoclaved at 20 pounds pressure for 5 hours in the volume of water and at the 
pH indicated 


t Determined by a method previously described (5) 

I After treatment at pH 7 0, this sample was diluted to 180 cc , adjusted to pH 1 8, 
an autoclaved at 20 pounds pressure for 1 hour to hydrolyze the pyridoxal phosphate 
or pyridoxaraine phosphate 


Table III 

Recoveries of Pyridoxal Added to Natural Materials 


Sample 

Pyridoxal hydrochloride 

Recovery 

Added 

Found 


y per gm 

y per gm 

per cent 

Dried grass* 

0 

63 



50 

10 4 

98 

1 20 liver powderf 

0 

83 


1 20 “ “ 

50 

13 3 

100 

Dried yeastj 

0 

72 



50 

12 7 

110 

Pat liver (fresh) 

0 

3 2 



50 

79 

94 


* Cerograss 

t Wilson and Company product 
t Kindly supplied by Dr L Atkin 


Recoveiy Expemnents — ^The lesults of lecoveiy expeiunents m vhich 
^owu amounts of pyridoxal hydrochloride weie added to lepzesentatire 
natmal materials are shown in Table III In each case the control sample 
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and a duplicate sample supplemented ^Mth. 5 r of pyiidoxal hydrochlonde 
per gm were autoclaved m 180 cc of 0 055 k HCi at 20 pounds pressure for 
5 hours (8), cooled, and neutralized u ith potassium hydroxide before assay 
Eecovenes of pyridoxal hydrochloride were withm 10 per cent of the 
amount added m every case 

The pyridoxal content of several miscellaneous materials was detemuned 
by this procedure The results are given m Table IV 


Table IV 

Pyridoxal Conlenl of Miscellaneous Natural Materials 


SubstAnce 

Pyridoxal 

hydrochlonde 

Substance 

Pyndoxal 

b^drocldondc 

1 

Chick liver 


Liver concentrate* 

ary aailt 

16 

“ kidney 

30 

Yeast 

8 

“ brain 

■ 11 

Egg yolk 

i 

Rat liver 

29 

Whole wheat 

2 

“ kidney 

33 

' Carrot 

2 

“ brain 

9 

Lettuce 

12 

Beef liver 

7 

Whole milk 

y itt CC 

032 


* Sharp and Dohme 


DISCUSSION 

The melusion of an enzjonatic digest of casern m media used for vitamin 
assay with Ladobaallus casei has been shown to permit more luxuriant 
groivth and greater acid production (4) than is obtamed m media containing 
only acid hydrolysates of casein “Strepogemn” (10) and perhaps other 
peptides (11, 12) aie undoubtedly responsible for the added growth How- 
ever, when used m the medium for assay of pyridoxal, this modification 
may affect the specifiut}'' of the method, since it has been shmvn (11) that 
in the presence of such enzymatic digests n-alanme replaces pyridoxal for 
L casei The amount of n-alanme required to give half maximum growth 
of L casei m the absence of psuidoxal is approximately 50 r (1 1 ) L-Alanme 
IS essentially inactive (11) Smce the amount of pyndoxal hydrochlonde 
requued for half maximum growth is only about 0 002 7, this effect n 
D-alamne would be sigmficant only nhen the n-alamne content of nat^ 
materials was 10 to 25 thousand times the pyridoxal content, ie,l to a 
per cent of the dry weight foi most materials In view of the li^ 
distribution of n-ammo acids m nature, the possibility of mterfermg e 
from this source is neghgible with most matenals Possibihty ol 
from this source should, however, be kept m mmd 



lUBINOWlIZ, \IONDY, VND SNLLL 


153 


It A\as shown previoubI\ that the mateiuls piesent m natural extracts 
which promote growth of Laclohacillus casei m vitamin Be-free media 
corresponded in chemical piopeitics to pyiidoxal, % e , weie destroyed by 
mcubation w'lth acetone and ilkali, and w ith sodium cyanide and ammo- 
nium chloride These piopeities aie not shared by the other knowm forms 
of vitamin Bs , a fact which indicates the specificity of the assay method 
for pyxidoxal It would be expected, of couise, that a vaiiable pioportion 
of the pyridoxal of natuial matciials might be piesent m loose, leversible 
combination with ammo compounds, e g , Schitt’s bases Such compounds 
hydrolyze spontaneously undei testing conditions to yield pyridoxal and 
show the activity for Lactobacillus casct to be expected fiom their pyridoxal 
content (13) 

SUMMARY 

An improved method for detennmation of pyiidoxal ^vlth Lactobacillus 
casei IS described The pi mcipal change fi om the previous method is the 
inclusion m the medium of an enz 3 Tnatic digest of casern which permits 
heavier and more rapid growth of the assaj’’ orgamsm While it has been 
shown that this modification peimits the utilization of n-alamne m place of 
pyndoxal (11), the amounts of n-alamne leqiured are not oidmarily en- 
countered in the assay of natmal mateiials 
Smce P3Tidoxal and pyiidoxal phosphate aie easily tiansformed to 
pyndoxamine (7) oi pyiidoxamme phosphate (1) lespectively, conditions 
are defined undei which natuial mateiials may be hydrolyzed to hberate 
pyridoxal without causing this tiansfoimation 
With this method of hydrolysis and the modified assay piocedure, re- 
covery experiments weie earned out with a numbei of natural mateiials 
Recoveries of pyridoxal were wnthin 10 pei cent of the amount added in all 
cases The pyridoxal content of seveial tissues is lecorded 

BIBLIOGRAPHY 

1 Rabmowitz, J C , and Snell, EE,/ Btol Chem , 169, 643 (1947) 

2 Snell, E E , and Rannefeld, AN,/ Biol Chem , 167, 475 (1945) 

3 Snell, EE,/ Btol Chem , 167 , 491 (1945) 

4 Roberts, E C , and Snell, EE,/ Btol Chem , 163, 499 (1946) 

5 Rabinowitz, J C , and Snell, EE,/ Biol Chem , 169. 631 (1947) 

6 Hunter, G J E , / Dairy Res , 14, 283 (1946) 

7 Snell, EE,/ Biol Chem , 164, 313 (1944) 

8 Rabinowitz, J C , and Snell, E E , Anal Chem , 19, 277 (1947) 

9 Snell, E E , / Am Chem Soc , 67, 194 (1945) 

10 Sprince, H , and Woolley, D W , / Exp Med , 80, 213 (1944) 

11 Snell, EE,/ Biol Chem , 168, 497 (1945) 

12 Wnght, L D , and Skeggs, HR,/ Bad , 48, 117 (1944) 

13 Snell, E E , and Rabinowitz, J C , Abstracts, American Chemical Society, 

113th meeting, Chicago, 16C (1948) 




d-GLUCOSE DEPIYDROCtENASE i^D ITS CiiRRIER SYSTEMS* 
By B EICHEL and W W WAINIO 

(From the Department of Physiology, New York Umverstly College of Dentistry, 

New York) 

(Received for publication, January 12, 1948) 

In 1931 Harrison (1) tested the effect of n-glucose on the oxidation of 
hexose dipJiosphate witli the intention of inhibiting the oxidation of the 
ester He expected that due to similaiities m stiuctuie the glucose might 
be adsorbed on the suiface of the protein caiiiei and thus inhibit the 
reaction Honevei, instead of inhibition, he obtained a maiked acceleia- 
tion in the ox-ygen uptake It appealed, therefoie, that the livei piepaia- 
tion contamed a deh 3 'drogenase capable of oxidizing n-glucose He was 
able to show that methylene blue could mediate the oxidation, and further 
that the cytochrome system could also seive as a cariiei Ogston and 
Green (2) ivere imable to veiafy Hainson’s results with the cyiiochrome 
system They showed instead that yeast flavopiotem could mediate the 
aeiobic oxidation of the n-glucose, thus verifymg the lesults of Adler and 
von Euler (3) Hairthorne and Hairison (4) stiengthened then oivn posi- 
tion by demonstratmg agam that the cytochiome system of Keilm and 
Hartree (5) would catalyze the oxidation and by suggestmg that Straub’s 
flavoprotem was necessary for the full activity of the dehydiogenase- 
cytochrome system 

The experiments reported m this paper clarify the role of heart flavo- 
protein as a earner with the hvei dehydiogenase^ system that oxidizes 
D-glucose They further mdicate that the cytochionies c and oxidase must 
be present to mediate the tiansfer of hydrogen from n-glucose dehydro- 
genase to atmospheric oxygen The participation of the cytochi omes a and 
b has not yet been verified 


EXPERIMENTAL 

Preparations 

^-Glucose dehydrogenase protein is contained in a preparation of partially 
purified lamb liver dehydrogenases. Preparation C, as previously reported 
by Wamio (6) 

* Aided by a grant from the John and Mary R Markle Foundation With the 
assistance of S Cooperstein, S Kollen, and H Hirschhorn 

' Dehydrogenase signifies d glucose dehydrogenase protein and diphosphopyridine 

nucleotide 
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D-GLUCOSB DEHTDKOGENASE 


DPN- was prepared fiom bakeis’ yeast’ by the method of Warburg and 
Christian (7), as reported by Klem (8) 

Heart and liver fiavoprotein were prepared from lamb tissue according to 
the method of Straub (9) However, instead of being ground in a mechan- 
ical mortar, the minced, washed tissue (the liver was not washed) was 
homogemzed for 1 mmute in a Waimg blendor with 0 02 m disodium 
hydrogen phosphate The final flavoprotem solution was lyophihzed 
from the frozen state to yield a stable preparation which was stored at 4° 
The yield was approximately 57 mg per kilo of mmced heart and 38 mg 
per kilo of hver 

Catalase^ (10) was used as the crystallme protem suspended m a solution 
of (NH4)2S04 

Cytochrome c was prepared accordmg to Keilm and Hartree (11) The 
final preparation after dialysis was centrifuged for 5 mmutes at 2500 X 9 
The supernatant was treated with 4 volumes of ice-cold acetone and 
centrifuged at 5° for 5 mmutes (2000 X g) The precipitate was dried in 
vacuo to yield a stable protem 

Indophenol oxidase of Ogston and Green (2) was prepared from lamb heart 
muscle The final acetate precipitate was suspended m an equal weight 
of 0 1 M phosphate buffer,® pH 7 4 

Cytochrome oxidase was precipitated three tunes with acetate as reported 
fby Hawthorne and Harrison (4) This preparation is a slight modification 
of the method of Keihn and Hartree (5) The details through the first 
acetate precipitate have been presented by Wamio, Cooperstem, Kollen, 
and Eichel (12) The first acetate precipitate from 50 gm of heart muscle 
was suspended m 75 ml of cold 0 04 m phosphate buffer, pH 7 0, and 
precipitated a second time with 12 5 ml of cold 0 2 m acetate buffer, pS 
4 6 After centrifugation m the cold for 10 mmutes at 2500 X g the 
supernatant was discarded The precipitate was resuspended m 50 ml 
of the cold 0 04 M phosphate and precipitated with 8 3 ml of cold 0 2 M 
acetate After centrifugation for 10 mmutes at 2500 X g, the supernatant 
was discarded and the precipitate suspended m an equal weight of 0 1 ^ 
phosphate buffer, pH 7 4 The suspension was filtered through four layers 
of cheese-cloth and stored at 4° 


Methylene Blue System 

It was first decided to establish optimal concentrations of each 
constituent with the artificial methylene blue system, smce Waimo (6) ha 


» DPN, diphosphopyridine pucleotide 
» yiftiscbmann's 

‘Kindly supplied by Dr J B Sumner Ma HPO. 

6 phosphate buffer m all instances refers to KHiP0<-Na.HFO4 
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earlier dcmoubtiatecl marked activity with the bame liver protem prepara- 
tion Mhen DP'N', triphosphopyridme nucleotide, and methylene blue were 
added It has since been shown that DPN is the active coenzyme with the 
D-glucose dehy’^drogenase protem A 10 mg sample of the liver protein 
preparation dissolved m phosphate buffer was selected as the constant 
factor, and the concentrations of the other constituents that would make 
the dehydrogenase protein luniting were determmed 
It w as noted very early that 0 5 ml of a 1 1000 solution of methylene 
blue in Mater was insufficient to support a maximal activity when DPN and 
D-glucose Mere at or above the optimal concentration Decoloiization oc- 
curred frequently' and, theiefore, 0 5 ml of a 1 500 solution (1 mg ) was 
selected as bemg a sufficient amount of methylene blue 

Table I 

Omission of Factors in Methylene Blue System and Effect of Flavoprotem 
Body, 10 mg of liver protein in 2 ml of 0 1 m phosphate buffer, pH 7 4, 0 5 ml of 
1 500 methylene blue in water, 0 25 ml of 0 1 m phosphate buffer, pH 7 4, flavopro- 
tcin, 1 mg m 0 25 ml of 0 1 it phosphate buffer, pH 7 4 Side arm, 0 25 ml of 2 molal 
D glucose in Mater, 1 mg of DPN m 0 25 ml of water Center well, 0 25 ml of 10 
per cent NaOH Gas phase, oxygen, temperature, 38°, rate of shaking, 100 per minute 


Vessel pair j 

1 

2 

3 

4 

5 

6 


1 

ml 

ml 

wl 

ml 

ml 

ml 

Body 

Liver protein 1 


2 0 

2 0 

2 0 

2 0 

2 0 


Methylene blue 1 

0 5 

0 5 


0 5 

0 5 

0 5 


0 1 u phosphate buffer pH 7 4 

2 25 

0 5 

0 75 

0 5 

0 25 


Side arm 

Flavoprotem 

D Glucose 

1 

0 25 

0 25 

0 25 


0 25 

0 25 

0 25 


DPN 

0 25 


0 25 

0 25 

0 25 

0 25 



c mm 

' c mm 

' emm 

' emm 

' emm 

emm 

Oxygen up- 

I 60 imn 

11 

21 

10 

10 

310 

305 

take 

120 mm 

15 

32 

18 

16 

585 

574 


The effect of mcreasmg the final D-glucose concentration from 0 01 molal 
to 0 231 molal was first studied The substrate almost brought the activ- 
ity to a maximum at a final concentration of 0 154 molal D-glucose All 
subsequent experiments, therefore, were made at a 0 154 molal final con- 
centiation of D-glucose 

The effect of an increasing concentration of DPN on the activity of the 
system was tested at four concentrations Essentially maxunal activity 
was obtained at a DPN concentration of 1 mg per vessel and all subsequent 
experiments, mcludmg those Muth flavoprotem, were run with DPN at 
this concentration 

Table I shoM^s the effect of omittmg the various factors of the methylene 
blue system, as well as the effect of added heart flavoprotem The onus- 
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Sion, of the hvei protein, DPN, methylene blue, oi of D-glucose loweied the 
120 nunute oxygen uptake to betiveen 15 and 32 c mm The system con- 
taming the dehydiogenase piotem, DPN, D-glucose, and methylene blue 
consumed 585 c mm of oxygen in 120 minutes The addition of 1 mg of 
Stiaub’s heait flavoprotein to this appaiently complete, artificial system 
Avas without effect on the oxygen uptake If flavopiotein does in fact 
catalyze this methylene blue sj'stem, it may be that the livei pieparation 
aheady contains a sufficient amount of the flavoprotem, since it emits a 
gieenish fluoiescence in ultraviolet light 

Flavoprotem System 

Adler and von Eulei (3) m 1935 demonstrated that a crude flavin enzyme 
prepared fiom dry bottom yeast (Warburg and Christian (13)) could func- 


T,VBI.b II 

Effect of Heart Flavoprotein Concentration 
Body, heart flavoprotem la 0 25 ml of 0 1 m phosphate buffer, pH 7 4, 0 o ml of 
water, 10 mg of liver protein m 2 ml of 0 1 m phosphate buffer, pH 7 4 Side arm, 
0 25 ml of 2 molal D-glucose in water, 1 mg of DPN in 0 25 ml of water Center 
well, 0 25 ml of 10 per cent NaOH Gas phase, oxygen, temperature, 38°, rate of 
shaking, 100 per minute 


Heart fiavopcotein per vessel 

Oxygen uptalce 

60tmn 

120 rpiP 

frtS 

emm 

e»tnm 

8 0 

290 

535 

4 0 

240 

440 

2 0 

160 

300 

1 0 

110 

200 

0 5 

SO 

140 

0 25 

50 

90 


tion as a carnei m the absence of methylene blue This was verified by 
Ogston and Green who also used a yeast enzyme The data piesented m 
Table II mdicate that Straub’s flavopiotem piepared from beef heart 
muscle functions m the same capacity In the piesence of D-glucose, DPN, 
and the liver piotem, 8 mg of the flavoprotem catalyzed an oxygen uptake 
of 535 c mm m 120 mmutes, xvheieas 2 mg of flavoprotem catalyzed an 
oxygen uptake of 300 c mm Smce the purified flavopiotem xvas difficult 
to piepaie, it xvas decided to use only 2 mg per vessel m subsequent expen 


ments 


Table III piesents data to show the effect of omittmg the vaiious lattoft 
of the system when heait flavopiotem is the earner The factor, other 
than the flavm enzyme weie used m the concentratioim that ha 
pteviously deteimmed to be optimal with the methylene blue system 
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fla\opiotcin uas picbt'iit at a couLCiitiatioii of 2 mg jjci vessel It is ap- 
parent from these lesults that all of the factois must be piesent to cause an 
adequate oxygen uptake In the ibsence of o-glucose, DPjST, dehydrogen- 
ase protem, or flavopiotem the oxygen uptake is between 7 and 14 c mm 
in 120 minutes 

A flaxopiotein w is piopaied fiom fresh lamb hvei accoidmg to the 
method that Stiaiib hul developed foi the pieparation of heart muscle 
flavoprotcin The liver flavopiotem was used m concentrations from 0 25 
to 20 mg per vessel The latter concentration, the highest concentration 
tested, catalyzed an o\ 3 ’’gen uptake of 87 c mm m 120 mmutes Although 
the activity was low, it is probably sigmficant when compared with the 
control that contamed no flavoprotem The liver preparation of flavo- 
protem apparently contamed many impurities, smee m addition to catalyz- 

Table III 

Omtsstoii of Factors in Flavoprotem Srjsteiii 
Flavoprotem, 2 mg m 0 25 ml of 0 1 m phosphate buffer, pH 7 4, all other con- 
stituents and conditions as in Table II 


Vessel pair 

1 

2 

^ 1 

4 , 

5 



ml 

ml 1 

ml 

ml 1 

ml 

Body 

Liver protem 



2 0 

mm 

2 0 


Flavoprotem 

0 25 


0 25 


0 25 


0 1 u phosphate buffer, pH 7 4 

2 0 




1 


Water 

0 5 


0 75 


0 s 

Side ann 

o-GIucose 

0 25 




0 25 


DPN 

0 25 

wm 

, 0 25 

Ki 

. 0 25 



c mm 

c mm 

1 c mm 

1 

c mm 

emm 

Oxygen up 

60 mm 

4 

9 

8 

11 

161 

take 

120 mm 

7 

13 

9 

14 

304 


mg a low oxygen uptake, it was tan m color lather than lemon-yellow, as 
was the heart flavoprotem 

Effect of Inhibitors and Activators on Flavoprotem Systenv 

In ordei to characterize fuithei the flavopiotem system with respect to 
the activity of the enzymes involved, it was decided to test the effect of 
various inhibitors and activators at one concentration each Table IV 
summarizes these results 0 05 M sodium malonate and 3 per cent ethyl 
urethan w'eie without effect when mtei preted on the basis that changes of 
less than 10 per cent from the w’^ater control are not sigmficant Defimte 
inhibitions were caused by 0 04 ai sodium lodoacetate and 100 mg per cent 
of atabrme 0 00002 m catalase pioduced a rather pionoimced activation 

Cytochrome c-Indophenol Oxidase System of Ogston and Green 

Smee Ogston and Green had been unable to obtam sigmficant activity 
usmg the glucose dehydrogenase of Harrison with their own mdophenol 
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oxidass systeiH, it sssmed advisablo for us to roiuvGstigato th.6 activity of 
their o\idase preparation using om purer liver dehydrogenase protein 
DPN and D-glucose were added in the amounts previously mdicated not to 
be limitmg with 10 mg of the liver protem Cytochrome c was added in 
an amount that would insure that this enzyme would not be limiting, 
namely, 4 mg per vessel The mdophenol oxidase was used at several 
concentrations It is evident from the data presented m Table V that the 
oxidase is not a significantly active preparation A small activity is shown 
when Paii-s 2, 3, 4, and 5, contammg 1, 0 5, 0 25, and 0 1 ml of the oxidase, 
are compaied with the oxidaseless control, Pam 7 That this activity is 
demonstrable 26 hours later is shown by Pam 8 That cytochrome o\i- 

Tablb tv 

Effect of Various Agents on Flavoprotein System 
Body, 10 mg of liver protein in 1 ml of 0 1 ii phosphate buffer, pH 7 4, 2 mg of 
heart flavoprotein in 0 5 ml of 0 1 m phosphate buffer, pH 7 4 , 0 325 ml of agent in 
water, 0 925 ml of 0 1 m phosphate buffer, pH 7 4 Side arm, 0 25 ml of 2 niolal 
D-gluGOse m Mater, DPN, 1 mg in 0 25 ml of water Center well, 0 25 ml of 10 per 
cent NaOH Gas phase, oxygen, temperature, 38°, rate of shaking, 100 per minute 


Final concentration of agent 

120 mm oxygen 
uptake 

Deviation from 
control 


c mm 

fcr cent 

Water 

322 


0 04 M sodium lodoacetate 

215 

-33 

100 mg %atabrine 

212 

-34 

Water 

327 


0 05 SI sodium malonate 

300 

-8* 

3% ethyl urethan 

333 

+2 

0 00002 SI catalase 

401 

+22 


* Slight cloudiness 


dase may have been present m small amounts is suggested by the fact that 
sodium cyanide (Pau 6) produced some inhibition The relatively latg® 
value obtained with the control, contammg no oxidase, can be attributed 
to the 4 mg of cyrtochrome c per vessel, smce m subsequent experiments 
the same control, contammg 1 mg of cytochrome c per vessel, gave a value 
of 10 c mm m 120 mmutes 

Cytochrome c-ImoluUe Cytochrome Oxidase Complex System 

■When it became apparent that the preparation of Ogston and Green was 
ineffective, the three times precipitated oxidase® of Keilm and Hartree, aj 
modified by Hawthorne and Harrison and as modified by us, was nex 

• Oxidase signifies insoluble cytochrome oxidase complex 
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Tadl? V 

Oijalon ami Green’s Indophcnol Oxidase 


NiiOII, 10 per Lent, enual quantities of 1 v NaOH and 1 it NaCN, liver protein, 
10 mg in \oIunie given below of 0 1 m phosphate buffer, pH 7 4, 2 molal d glucose in 
water Gas phase, oxygen, temperature, 3S“, rate of shaking, 100 per minute 


Vessel pur 

a 

2 

' 1 

4 

5 

6 

1 

7 

8 


i 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

Center nell 

NaOII 

^’aOH + ^aC^ 

0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

Liver protein 

1 5 

1 5 

1 5 

1 5 

1 5 

1 0 

1 0 

1 0 


0 1 u phosphate buiTer, 



0 s 


0 9 


1 0 



pH 7 4 

Water 

0 25 





0 175 

0 5 

0 5 


Indophcnol oudaae 

1 0 

1 0 

0 5 

0 25 

0 1 

1 0 


1 0 

Side armf 

10-< u NaCN 






0 325 



D-GIucose 


0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

1 0 25 



c mm 

c mm 

c mm 


c mm 

c mm 

c mm 

^ e mm 

Oxygen 

bO mm 

8 

47 

38 


28 

28 

26 

39 

uptake 

120 mill 

13 

82 

67 


54 

63 

44 

81 


* 4 mg of cytochrome c in 0 25 ml of water added to each vessel 
1 1 mg of DPN in 0 25 ml of w ater added to each vessel 


wo\ 



1.5 no MO noo uso 


Oxidase Dilution 

Pig 1 Body, 10 mg of liver protein in 1 ml of 0 1 xi phosphate buffer, pH 7 4, 
0 5 ml of 0 1 M phosphate buflfer, pH 7 4, cytochrome oxidase complex, stock suspen- 
sion diluted 1 5,1 10,1 40,1 100, and 1 250 with 0 1 it phosphate buffer, pH 7 4, 1 ml 
added to each vessel, above amount of cytochrome c m 0 25 ml of water Side 
0 25 ml of 2 molal D-glucose in water, DPN, 1 mg in 0 25 ml of water Center we , 
0 25 ml of 10 per cent NaOH Gas phase, oxygen, temperature, 38°, rate of shaking, 
100 per minute 

tested The results presented m Fig 1 show three important effects (1) 
that the three tunes precipitated preparation is extremely active when 
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tested ’ivith D-glucose dehydrogenase and its substiate, (2) that the best 
activity IS obtained at an oxidase dilution of 1 40, (3) that cytochrome c 
becomes limitmg only at a dilution of oxidase between 1 40 and 1 100 
When one compaies dilutions of the stock oxidase of 1 5, 1 10, 1 40, 
1 100, and 1 250, it is apparent that the best activity is obtamed at a dilu- 
tion of 1 40 The oxygen uptake is appioximately 535 cmm in 120 
minutes Oui lesults diffei m this lespect fiom those of Hawthome and 
Hairison who obtamed then best activity ivith the stock solution The 
oxygen values obtamed m the 2nd horn with the 1 5 and 1 10 dilutions of 
the stock oxidase suggest that the oxidase contamed some factoi which at 
the highei concentiations was destioymg itself oi another enzyme oi co- 
enzyme m the system The latio of the oxygen uptake foi the 2nd hour 
when compared to the oxygen uptake foi the 1st horn is small when the 1 5 
dilution of the oxidase is used, and approaches umty and essentially be- 
comes a constant at the 1 40, 1 100, and 1 250 dilutions 
That csdochiome c must be present m the three times piecipitated insol- 
uble oxidase complex becomes apparent by comparmg the results obtained 
with the 1 40, 1 100, and 1 250 dilutions of the stock oxidase Omission 
of cytochiome c fiom the system with the 1 40 oxidase leaves the oxygen 
uptake unchanged, wheieas with the 1 100 oxidase the substitution of 0 25 
pig of cytochiome c foi 1 mg of cytochiome c decreases the oxygen uptake 
Tiom 375 c mm m 120 mmutes to 300 c mm A companson of the 1 250 
oxidase ivith 1 mg of cytochiome c and with cytochiome c omitted shows a 
39 pel cent decrease m the oxygen uptake 


Effect of Inhihttois and Activatois on D-Glucose Dehydrogenase-lTisolvble 
Cytochrome Oondase Complex System 

In Table VI are presented the effects of various mhibitois and activatom 
when each substance was added at only one concentration Deviations of 
less than 10 per cent fiom the water control are not considered significant 
0 00002 ai catalase produced a change of only 1 per cent 0 05 m sodium 
malonate produced a 10 pei cent activation, but since a led piecipitatc 
formed when the malonate was added, the effect is to be viewed with cau- 
tion 100 mg pel cent of atabime (also complicated by the formation of a 
precipitate), 3 pei cent ethylurethan, and 0 04 m sodium lodoacetate pro- 
duced a marked inhibition of the oxygen uptake 


Combined Insoluble Cytochrome Oxidase Complex and Heail 
Flavopiotein Systems 

Smce flavoproteui alone could serve as a caiiiei for the aeiobic o^datiou 
of D-glucose m oxygen, it was decided to study the oxidation '^n ad ^ 
flavopiotem and the cytochiomes c and oxidase weie used togethei 
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Tabll VI 

Effect of Various Agents on Insoluble Cytochrome Oxidase Complex System 
Body , 10 mg of liver protein in 1 ml of 0 1 it phosphate buffer, pH 7 4, 1 mg of 
cytochrome c in 0 25 ml of water, 1 ml of 1 100 cytochrome o\idase complex 
suspension, diluted with 0 1 m phosphate buffer, pH 7 4,0 175 ml of 0 1 m phosphate 
buffer, pH 7 J, 0 325 ml of agent in w'atcr Side arm, 0 25 ml of 2 molal n glucose 
in water, 1 mg of DPN in 0 25 ml of water Center well, 0 25 ml of 10 per cent 
NaOH Gas phase, oxygen, temperature, 38°, rate of shaking, 100 per minute 


Final concentration of agent 

120 min. o^gcQ 
uptake 

Deviation from 
control 

1 

c mm 

per cenl 

Water 

133 


0 05 M sodium malonate 

478 

+10* 

100 rag %atabrine 

23 

-95t 

3% ethyluretinn 

37 

-91 

Water 

396 


0 04 ii sodium lodoacetato 

36 

-91 

0 00002 it catalase 

400 

-1 


* Red precipitate at beginning of experiment 
t Precipitate noted at end of experiment 


Table VII 

Omission of Factors in Combined Insoluble Cytochrome Oxidase Complex and 
Straub Heart Flavopiotem System 

Center well, 0 25 ml of 10 per cent NaOH, liver protein, 10 mg m 0 1 m phosphate 
buffer, pH 7 4, flavoprotein, 2 mg in 0 1 m phosphate buffer, pH 7 4. cytochrome 
oxidase complex, stock suspension diluted 1 40 with 0 1 m phosphate buffer, pH 7 4, 
2 molal D glucose in w ater, DPN, 1 mg in water Gas phase, oxygen, temperature, 
38 , rate of shaking, 100 per minute 


Vessel pair 


1 

2 

3 

4 ' 

i 

5 

6 

Body* 

Side arm 

Liver protein 

0 1 u phosphate buS^er pH T 4 

Water 

1 Flavoprotein 

1 Cytochrome oxidase 

1 D Glucose 

1 DPN 

ml 

I 25 

0 25 

1 0 

0 25 

0 25 

ml 

1 0 

0 25 

0 25 

0 25 

1 0 

0 25 

ml i 

1 0 ^ 

0 S 

1 0 

0 25 

0 25 

ml 

1 0 

0 25 

0 25 

0 25 

1 0 

0 25 

1 

ml 

1 0 

1 25 

0 25 

0 25 

0 25 

ml 

1 0 

0 25 

0 25 

1 0 

0 25 

0 25 



1 emm 

c mm 

c mm 

1 

j c mm 

c mm 

1 c mm 

Cxygeu 

60 min 

i 20 

1 21 

i 319 

21 

182 

322 

uptake 

120 nun 

1 27 

i 

586 

30 

325 

591 


* Cytochrome c, 1 mg in 0 25 ml of water added to body of each vessel 


ners The effect of omitting certam factom of the system contammg the 
oxidase at a 1 40 dilution and mth 2 mg of heart flavopiotem is presented 
m Table VII When hvei protein, n-glucose, or DPN was omitted, the 
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oxygen uptake for the 120 minutes was between 27 and 32 c mm The 
complete system consumed 591 c mm of oxygen m 120 nunutes and the 
activity was unaffected bj'' omittmg the flavoprotem Omission of the 
oxidase reduced the oxygen uptake to approximately the value obtained 
with flavopiotem alone, namely, 325 c mm m 120 mmutes 
The data m Table VIII present the effects of many factors on the activ- 
ity of the flavoprotem and insoluble C3d;ochrome complex systems, alone 
and m combmation The livei piotem was always piesent m the amount 
of 10 mg per vessel The oxidase was used at a dilution of the stock solu- 


Table VIII 

Effect of Air, Oxygen, Cytochrome c, and Cyanide on Two Systems 
NaOH, 10 per cent, liver protein, 10 mg in volume given below of 0 1 ii phosphate 
buffer, pH 7 4, flavoprotem, 2 mg in volume given below of 0 1 m phosphate buffer, 
pH 7 4, cytochrome c, 1 mg in 0 25 ml of water, cytochrome oxidase complex stock 
suspension diluted 1 250 with 0 1 it phosphate buffer, pH 7 4 Temperature, 38°, 
rate of shaking, 100 per nunute 


Vessel pair 

i 


3 

4 

5 

6 

7 

8 

9 

10 

11 

Gas phase 

B 

Air 

Air 

Air 

Air 

Air 

Air 

m 

m 

■ 

B 



ml 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

ml 

Center well 

Sodium hydroxide 
Water 

0 23 

0 25 

0 25 


0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

Body* 

Liver protein 

0 5 

0 5 

1 0 


0 5 

0 5 

0 5 

0 5 

n 5 

0 5 

nil 

Flavoprotem 
Cytochrome c 

* oxidase 





0 25 

0 25 


0 25 

0 25 




0 25 

0 25 



0 25 

0 25 


0 25 

Era 

0 25 


1 0 

1 0 

1 0 


1 0 

1 0 





1 0 


0 1 u phosphate 

1 0 

1 0 

0 5 


0 75 

0 425 


1 75 

1 75 

1 425 

0 75 


buffer, pU. 7 4 

0 01 u sodium 
cyanide 

Water 



0 25 

0 25 


0 325 

0 325 

0 25 


0 325 

c 



c mm 

r mm 

c mm 

cmm 

e mm 

c mm 

c mm 

c mm 

c mm 

c mm 

c,mm ^ 

Oxygen 

60 nun 

112 

106 

72 

no 

141 

79 

11 

72 

mm 

74 

204 

uptake 

120 miu 

197 

202 

129 

CO 

O 

246 

138 

14 

132 

132 

136 

366 




0i 

ffl/ 


0S25 


\cjnrh 

iol 


* Side arm, 0 25 ml of 2 molal n-glucose in ivater and 1 mg of DPN in 0 25 nd 
water in each vessel 

tion of 1 250 which had pieviously been found to give submaximal activity 
with the 10 mg of liver protein A compaiison of Pans 1 and 2 mdicates 
that the oxidase sj^stem is unaffected by an 80 pei cent reduction m t"® 
oxygen tension Earliei experiments had shown that carbon dioxide is no 
evolved m this system, and, therefore, alkali is not necessary A compa"' 
son of Pairs 2 and 3 shows that cytochiome c is luniting at the 1 2o0 di U' 
tion of the stock oxidase The addition of flavoprotem (Pair 4) to the^=>j 
tern containmg no cytochiome c (Pair 3) mcreases the oxygen uptake 
addition of cytochiome c m the piesence of the 2 ) con- 

creases the oxygen uptake even further to exceed the control (Pair 
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taming no flavopiotein Sodium cyanide m a hnal concentiation of 0 001 
M (Pail G) mliibits the o\idase system to the extent that the activity of the 
system with oxidase and flavopiotein (Pair 5) is reduced to the level ob- 
tamed with flavoprotem alone (Pan 8) The oxidase system alone is in- 
hibited by appioximately 90 pei cent (compaie Pans 2 and 7) Added 
cytoclirome c and sodium cyanide aie without effect on the flavopiotem 
system (Pairs 8, 9, and 10) A compaiison of Pans 11 and 5 shows that 
the oxygen in an is limiting w hen the two systems are together, the oxygen 
uptake being 366 c mm and 246 c nmi in 120 minutes m oxygen and air, 
respectively 0 001 m sodium cyanide mhibits the activity of the combmed 
systems m oxygen by appioximately 24 per cent (compare Pairs 11 and 12) 
The value of 280 c mm (Pan 12) compaies lathei favoiably with the 
values obtamed with flavoprotem alone, mdicatmg that when the cyanide is 
added to inhibit the oxidase system the flavoprotem system functions 
mdependently 


DISCUSSION 

The work of Adlei and von Euler (3) and of Ogston and Green (2), which 
showed that a yeast flavopiotem could mediate the aerobic oxidation of d- 
glucose, has been verified by usmg heart flavopiotem as a earner It is 
difficult to explam why such laige amounts of flavopiotem were necessaiy 
m order to approach the upper limits of dehydrogenase activity One pos- 
sibility was that the flavoprotem while bemg oxidized was produemg an 
amount of hydrogen peroxide sufficient to deciease the rate of the reaction 
It was argued that, if this were the case, the addition of catalase should 
remove the hydiogen peroxide and allow the leaction to approach its true 
equilibrium On the othei hand, the addition of catalase should also tend 
to decrease the oxygen uptake, smee it would return to the gas phase 1 of 
2 O'^gen atoms that- had been incorporated mto the hydrogen peroxide 
molecule Smee the addition of catalase caused a 22 per cent mcrease m 
the oxygen uptake, it seemed that of the two possibilities the accumulation 
of hydrogen peroxide to inhibit the reaction may have been the dommant 
one 

The use of the various mhibitois, although only at one concentration 
each, served further to characterize the enzymes mvolved m this aerobic 
oxidation of D-glucose The failuie of sodium malonate to inhibit rules out 
the sucemate-fumarate system as an mtermediate or as a coupled reaction 
m the dehydrogenation Atabrme at a final concentration of 100 mg per 
cent markedly mhibited the flavoprotem S 3 ^stem This substance is knoum 
to be a competitive inhibitor of cyliochrome reductase (14), a flavoprotem 
from yeast, and its action presumably is by virtue of its stmctural similanty 
to the flavm portion of the prosthetic group of the enzyme Sodium lodo- 
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acetate inhibited the flaAopiotein system and this strengthens oui belief 
that here, as m other enzyme reactions mvolving an oxidation, sulfhydryl 
groups are participatmg However , these i esults ai e not m agi eement with 
those obtamed by Hamson (1), who showed that 0 001 Ji lodoacetate did 
not inhibit the anaerobic decolorization of methylene blue by glucose dehy- 
drogenase It may be that our higher concentration of the inhibitor 
(0 04 u) had, m part, a non-specific action On the other hand, it is sug 
gested that the lower concentration used by Harrison may have been in 
sufficient to overcome a protective action exhibited by the othei pioteins 
that were present m his less pure preparation 

It has been verified that the three times piecipitated insoluble cytochrome 
oxidase complex of heart muscle, as used by Hawthorne and Harrison (4) 
and as modified by us, can serve as a carrier with the D-glucose dehydro- 
genase of lamb livei The failure of O^ton and Green (2) to verify Har- 
rison’s (1) results was probably due to the method they selected foi pre- 
paring their oxidase The mortar-ground tissue, instead of bemg centn- 
fuged, was squeezed through cheese-cloth which undoubtedly allowed many 
impurities to pass mto the preparation These unpunties would not only 
lower the activity per umt of protem, but might also add to the prepara- 
tion an enzyme which we suspect to be a ribonuclease and which, therefore, 
would rapidly destroy the DPN 

A comparison of the results, obtamed m air and m oxygen with the cyto 
chrome system alone and with the cytochrome system when flavoprotem is 
added, suggests that the important physiological system is the C3’tochrome 
system of which flavopiotem may be a part The maiLed diffeience m 
activity, a 50 pei cent decrease, that is noted when the flavoprotem system 
m 100 pel cent oxygen is compared with the flavopiotem system m air (20 
per cent oxygen) suggests that flavoprotem is an meffectual cairier at o^y 
gen tensions below 150 mm This is further borne out by a comparison o 
the results obtamed with the two systems m air and m oxygen w'hen alone 
and m combmation In 120 mmutes the cytochrome system alone m air 
catalyzed the uptake of 202 c mm of oxygen, the flavopiotem system alone 
used up 132 cmm , and the two systems together consumed 246 cjnm 
The coriespondmg values m oxygen weie 197, 280, and 366 c mm , respee 
lively It IS apparent that the flavoprotem is of lesser importance as e 
oxygen tension is reduced This is m agreement vnth the results of Green 

(15) 

By omittmg each m turn, D-glucose, D-glucose dehydrogenase protert 
and HPH have been shown to be necessary constituents of the cytocnro ^ 
system that aerobically oxidizes D-glucose That cytochrome c is » “ " 
sary constituent is evident from the fa)ct that m the more dilute so 
of the stock oxidase (1 100, 1 250) the addition of cytochrome c accel 



1) 1IC^^L AND W U WAINIO 


167 


the o\ygcu uptake Ilaw thoino xncl Haiuson, even though they weie able 
to show an inciease m oxygen uptake undei ceitam conditions, concluded 
that cytochiomc c was not absolutely necessaiy and that in the absence of 
cytochronio c the oxidation of n-glucose was mediated fiom the dehydro- 
genase to flavopiotem, to cytochiomes a and b, and finally to cytochrome 
oxidase Dew an and Gieon (lb) and Haivthome and Harrison were not 
able to demonstiate spectioscopically the piesence of cytochrome c m their 
prepaiations That om thiee times piecipitated msoluble oxidase complex 
coiitams cytochiome c is home out by the followmg obseivations (1) that 
added cytochrome c enliances the activity of the moie dilute oxidase prepa- 
iations, (2) that h 3 'dioquinone, whose enzymatic oxidation must be medi- 
ated by cytochiome c (17, 12), is oxidized by this preparation, and that 
added cytochrome c acceleiates the reaction only slightly ’’ 

^\Tien catalase is added to the cytochrome c-msoluble cytochiome oxi- 
dase complex system, there is no mcrease m the oxygen uptake such as was 
obtamed when catalase was added to the flavoprotem system The 
marked inhibition obtamed when atabnne is added m a final concentration 
of 100 mg pel cent to the cytochrome system without added flavoprotem 
must be mterpreted with caution, smee a precipitate was formed The m- 
hibition obtained in the piesence of 3 pei cent ethylurethan (18) suggests 
that cytochiome b may be present and servmg as an mtermediate Ethyl- 
urethan w^as without effect when flavoprotem was the sole added carrier 
The mhibition obseived with sodium cyanide suggests that cytochiome 
oxidase is one constituent of the carrier system 

The results suggest to us that the aerobic oxidation of n-glucose, when 
D-glucose dehydrogenase piotem and DPN aie present, is mediated through 
the followmg components of the cytochrome system cytochrome c and 
cytochrome oxidase The pai ticipation m the cycle of flavoprotem and of 
c3d;ochromes a and b has not yet been venfied 

SUMMABT 

1 It has been demonstrated manometrically that Straub’s heart flavo- 
piotem can serve alone as a earner -with a partially purified D-glucose de- 
hydrogenase protein of lamb liver with added diphosphopyridme nucleotide 
when the gas phase is oxygen Added crystalline liver catalase increases 
the oxygen uptake 

2 It has been venfied that an insoluble, three tunes precipitated, heart 
cytochiome complex, -with added cytochrome c, can function as a hydrogen 
cainei with D-glucose dehydrogenase piotem of lamb bvei and diphospho- 
P3Tidme nucleotide Added crystalline catalase is wuthout effect 

’ Wainio, W W , Cooperstem, S J , Kollen, S , and Eichel, B , unpublished 
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3. If Straub’s heart flavoprotem is added to the insoluble cytochrome 
complex system, the flavopiotem can opeiate as a separate and independent 
camel system "^Tien the gas phase is an, the flavoprotem is of lesser im- 
po. tance as an independent system than when the gas phase is oxygen 

4 Cytochiome c has been shown to be partly limiting m dilute piepara- 
tions of a tinee times precipitated insoluble cytochrome oxidase complex 

5 It has been shown that the enzyme system under consideration here 
for the aeiobic oxidation of D-glucose consists of the following n-glucose 
dehydiogenase piotein, diphosphopyndine nucleotide, cytochiome c, and 
cytochrome oxidase The participation in the cycle of flavoprotem and of 
cytochromes a and b has not yet been verified 
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STUDIES ON THE DENATURATION OF ANTIBODY 

IV THE INFLUENCE OF pll AND CERTAIN OTHER FACTORS ON THE 
RATE OF INACTIV VTION OF STAPHYLOCOCCUS ANTITOXIN 
IN URE V SOLUTIONS 

GEORGE G WRIGHT and VERNER SCHOMAICER 

(trom the Gales and Crellin Laboratories of Chemistry, California Institute of 

Technology, Pasadena)* 

(Received for publication, January 24, 1948) 

In previous work on the denaturation of antibody, studies have been 
made of some of the factors influencmg the inactivation of diphtheiia anti- 
to\m in urea solutions (1, 2) A quantitative fonnulation of a simple 
kinetic theory i\as found to fit satisfactorily the experimental data and to 
offer a reasonable explanation of the deviation of the mactivation from 
simple first order behavior (2) In the present woik we have studied the 
inactivation of Staphylococcus antitoxm, mvestigating the influence of cer- 
tam new factors on the rate and course of the over-all reaction, with a view 
toward gainmg further insight into the mechanism of the reactions, and re- 
mvestigatmg the influence of pH, a factor studied previously with diph- 
theria antitoxin, m order to test the applicability of the proposed kmetic 
mechanism to different antibodies 

Materials and Methods 

The antitoxic globulm was obtained from ciude hoise plasma^ by frac- 
tionation between 1 33 and 1 68 m ammonium sulfate The final prepara- 
tion contamed about 9 per cent protem and 260 i u of antitoxin per ml 
Only the neutralizing power for the Staphylococcus a-toxm, which hemolyzes 
rabbit red blood cells, was considered in the present w ork The hemolytic 
toxm was obtained from a semisolid agar culture of Staphylococcus aureus 
in the usual manner, the toxm was preserved with meithiolate and used 
in its crude form The antitoxin assays were earned out m the customary 
manner as described previously (3) The proceduie consists essentially of 
determimng the dilutions of the unknomi and of the treated antitoxins re- 
quired to reduce the toxicity of a constant amount of the toxm, containmg 
about 150 minimal hemolytic umts, to a pomt where only 50 per cent hemol- 
ysis of added rabbit red blood cells occurs after standard incubation The 
ratio of the dilution of the partially mactivated antitoxm to the dilution of 

* Contribution No 1129 

^Supplied by the Lederle Laboratories Division, American Cyananud Company, 
Pearl River, New York 
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the imtreated antitoxin gives the propoition of antibody activity lemaining, 
micro-Kjeidahl determinations (4) were necessaiy to correct for the random 
volume changes which occurred durmg the dialysis of the samples for the 
removal of the urea The over-all determmation appears to be accurate to 
withm a few per cent 


RESTJIiTS VND DISCUSSION 

Injiuence of pH on Rate of Inactivation — In the pievious woik on the 
kmetics of the mactivation of diphtheria antitoxm m urea it was observed 
that the pH markedly influenced the course of the leaction ICmetic ex- 
periments were perfoimed mth the Staphylococcus antitoxin at a eompaiable 
series of pH values and m a similar mannei S At urea and a piotein con- 




Figs 1 AND 2 Per cent antibody remaining (logarithmic scale) as a function of 
tune of denaturation in 8 u urea at 25“, studied at various pH values Fig 1, O pH 
4 97, O pH 5 38, ® pH 6 21, Fig 2, □ pH 7 40, O pH 8 92, O pH 9 34, o pH 9 SI The 
curves represent the equation [T] = -p For definitions of symbols 

see Wright and Sehomaker (2) 

centration of 0 3 per cent were used, the denaturation leactions weie carried 
out m a thermostat at 25° The buffer salts weie held at an lomc strength 
of 0 1 Borate buffer was used at pH 9 81, 9 34, and 8 92, phosphate at 
pH 7 40, and acetate at pH 6 21, 5 38, and 4 97 Samples were removed at 
the requued mtervals, diluted with an equal volume of saline, and dialyzed 
in the cold to lemove urea, and the per cent of the ongmal antibody activity 
was then measured The experimental results aie given in Figs 1 and 3 
It IS clear that the geneial features of the mfluence of pH on the inactiva- 
tion of Staphylococcus antitoxm and diphtheria antitoxin are closely similar 
Apphcation to the data of the theoretical treatment proposed previously for 
the inactivation of diphtheria antitoxm m urea solutions gave the curves 
presented m Figa 1 and 2, the rate constants derived from the theoretical 
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curves are givea m Table I Thib tieitment and the proposed kinetic 
mechanism of which it is the (lunntilatno oxpiession have been developed 
and discussed m detail pieviousl\ f2) Biiefly, however, the proposed 
mechanism may be repiesentcd bv the diagram 

- Ai A2 

7 < N P 

Aj 

where N represents the native, undenatured antibody, I the inactivated 
antibody, P a hypothetical “protected antibody” which is fuUy active (or 
becomes so on removal of urea) but is not susceptible to mactivation, and 
A-i, and ki lepiesent first order late constants for the reactions as mdi- 
cated Examination of Figs 1 and 2 indicates that the present data are 
well represented by this treatment, since the expeiimental pomts are, m 
general, closely fitted by the curves The values of the rate constants de- 


Table I 

Varialion mlh pH of Rale Conalanls Obtained from Quantitative Treatment Described 

in Text 


pH 

kl 

h 



hrs-i 

hrs -> 

hrs-i 

4 97 

2 54 

2 04 

0 0023 

5 38 

0 83 

0 94 

0 0020 

6 21 

0 64 

1 62 

0 013 

7 40 

0 46 

1 02 

0 0049 

8 92 

0 24 

0 30 

0 013 

9 34 

0 30 

0 41 

0 036 

9 81 

1 31 

1 49 

0 10 


rived from the theoretical curves and given m Table I, moreover, appear to 
be identical with those obtained in the expeiiments ivith diphtheria anti- 
toxin (2), mthm the rather large probable errors associated with this sort of 
curve fittmg when the number of experimental points is small 

The satisfactory fit of the experimental data to the theoretical treatment 
outlined above appears to be additional evidence of the validity of this ex- 
planation If the proposed kmetic explanation is m fact substantially 
correct, the striking similarity of the values of the calculated rate constants 
for the two antitoxms suggests that coiiespondmg regions of the protem 
molecules, with essentially identical major stabihzing bonds, may be m- 
volved m the structures of the combmmg groups of the antibodies for differ- 
ent antigens 

Influence of Neubal Salts on Rale of InacHvaiion—An mteiestmg aspect 
of the denatuimg action of uiea and related substances is the influence of 
electrolytes on the reaction The denaturing activity of guamdine salts 
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1 

waa observed to be markedly influenced by the nature of the anion (5) 
Burk (6) studied the effect of a large number of salts on the concentration 
of uiea necessary foi the liberation of sulfhydiyl groups of several pioteins, 
and observed veiy stidang diffeiences, the effects vaiymg from stiong 
inhibition of denatuiation to stiikmg augmentation The late of denatura- 
tion of tobacco mosaic viius m uiea was also obseived to be influenced by 
the kind and quantity of electrolyte in the solution (7) 

E\peiunents were earned out to determine whethei the inactivation of 
antito\m is similaily influenced by salts It was considered possible that 
the diffeient component leactions of the over-all inactivation might be in- 
fluenced in different ways, a lesult which might lead to a separation of the 
constituent reactions and a better undei standing of then nature Three 



Fig d Per tent antibody remaining (logarithmic scale) as a function of time of 
denaturation in 6 m urea at 25”, in the presence of 0 25 m concentrations of various 
salts, as follows O none, O sodium sulfate, • sodium chloride, □ calcium chloride 
The curves are empirical 

lepiesentative salts were selected from the laige group studied by Bulk (6) 
Calcium chloride ivas chosen as a denatuiation-favoring salt, sodium sulfate 
as a denatuiation-mliibitmg salt, and sodium chloiide as an intermediate 
salt The urea concentration was 6 Ji Because of the large mfluente of 
pH on the late and course of the over -all reaction, it was necessary to contiol 
this factor by the addition of acetate buffer at a final concentration of 0 Oo 
M The evperunents w^eie set up m the usual manner, the diffeient salt 
solutions being added to measured portions of a solution containing the uiea 
and the buffer, to give a final concentration of 0 25 m After the solutions 
had reached temperature equilibrium in the 25° thermostat, the experinien 
wms started by adding the antibody globulm The samples were remote 
at intervals, immediately dialyzed, and assayed for antibody activity as 
before The results are given in Fig 3 
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Some variation in pH did occui in the e\peument, since the pH leadings 
of the solutions weie is follows contiol 5 GG, calcium chloride 5 33, sodium 
sulfate 5 ol, sodium chloiide 5 52 These diffeiences appear to be consid- 
erably too small to iccount foi the observed effects on the late of inactiva- 
tion, however 

It IS deal that the mfluenco of the thiee salts on the inactivation of anti- 
bod}’- parillelb their inllucuce on the libeiation of sulfhydiyl gioups in othei 
pioteins Thus the addition of calcium chloiide piomoted the inactivation, 
sodium sulfate inhibited it, and sodium chloiide iias mteiTnediate m its 
effect Theie is, howevei, a slight diffeience m the behavior of sochum 
chloride, since it promoted the inactivation slightly, wheieas it slightly 
inhibited the libeiation of sulfliydiyl gioups (G) Thus the results provide 
additional evidence of the general similarity of the mactivation of antibody 
to othei reactions of proteins which occur in uiea solutions and which have 
been coasideied classical manifestations of pi otem denaturation Although 
the data are not sufficiently extensive to permit the application of the quan- 
titative treatment of the leaction discussed above, it is cleai that a very 
considerable change in the values of the late constants m this treatment 
would be lequiied to pioduce the large differences in mitial slopes among 
the different experiments Thus the effects of the salts on the reaction 
rates may be consideiably gi eater than would appear fiom a casual inspec- 
tion of the data foi the over-all leaction It seems as though the three rate 
constants aie affected by the salts m approximately the same manner 

Influence of Hydioslaltc Pressweon Rateof Inactivation — It has frequently 
been obseived that the late of denatuiation of piotems is deci eased by a 
model ate increase in hydrostatic pressuie, mdicating that theie is an appre- 
ciable volume increase when a protem molecule goes from the noimal to the 
activated state for this reaction Studies of this soit on the denatuiation 
of the bacterial luminescent system have been particularly complete (8), 
but evidence has accumulated that denaturation of many other pioteins is 
also accompanied by an mcrease in volume (9) The rate of denaturation 
of Staphylococcus antitoxin at 65° in dilute salt solutions was observed to 
decrease with incieasmg hydiostatic pressuie, thus pronding additional 
evidence of the close lelationship of antibody mactivation and pi otem 
denaturation (3) The mfluence of hydiostatic pressuie on the denatura- 
tion of proteins m urea solutions does not appear to have been investigated 

An experiment was peiformed to determine the mfluence of hydrostatic 
piessure on the mactivation of the antitoxin m 6 Ji urea solutions at 25° 
Sodium acetate-sodium chloiide buffei was adjusted to give an ionic 
strength of 0 1 and pH 5 57 As soon as the globulin wns added, four 5 ml 
samples of the solution were placed m tubes, stoppeied woth rubber stoppers 
to leave no air space, placed m the piessure chamber, and a pressuie of 
10,000 pounds per sq m applied The pressure chamber and the remam- 
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del of the solution at atmospheuc piessuie weie placed m the 25“ thermo- 
stat Samples weie taken at intervals fiom both the atmospheric pressure 
and high piessuie portions, dialyzed, and assayed as befoic The results 
are given m Fig 4 

Withm the evpeiimental eiioi of the method theie appeals to be no influ- 
ence of hydrostatic piessure on the late of the mactivation In viev of the 
considerable influence of piessme on the rate of mactivation at 65° in the 
absence of mea, this result was rather unexpected It seems possible, hoi\ - 
ever, that a reasonable explanation of this difference m behavior may be 
proposed The action of mea is generally believed to involve the weakenmg 
of the numerous secondaiy bonds which hold the polypeptide cham m its 
native configuration (10) High temperature, on the other hand, pre- 
sumably does not weaken the mtramolecular bonds significantly, but breaks 



Fig 4 Per cent antibody remaining (logarithmic scale) as a function of time of 
denaturation in 6 m urea at 25° at atmospheric pressure ( • ) and at 10,000 pounds per 
sq in (O) The curve is empirical 

them by means of locally accumulated kmetic eneigy The activated state 
for this latter process might well mvolve a general volume mciease of the 
protem, whereas the uiea-saturated protem, its stabilizmg bonds largely 
neutralized, could unfold inthout appreciable volume change 

Rate of Change of Viscosilrj at Vanoiis pH Values— The mciease in vis- 
cosity of serum proteins when subjected to the denatuimg action of uiea 
is well known (11) The rate at which this mcrease occurs, however, does 
not seem to have been mvestigated to any considerable extent, although 
recently the viscosity change has been observed to consist of an imtial rapid 
rise followed by a gradual mcrease (12) Experiments weie undertaken to 
determme whether the rate of the change m viscosity of the antibody 
globulin m urea could be correlated m any way wuth the kmetics of the an - 
body mactivation 
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Solutionb -it a bciicb of pH values m 8 M uiea weie studied These were 
piepaied lu the same way as m the antibody inactivation e\perunents 
The antibodj’' globulin was added List, nftei which the solutions w^eie quickly 
filteied to iemo\e iny trace of lint, and simples weie accurately measured 
into Ostwald Mscometcis m a theimostat at 25° ± 0 01° Measuiements 
of the flow time weie made frecpiently at fiist and then at mcieasmg mter- 
vals IS the iiscosity cliingc becimc slowei Betw^een measuiements the 
viscometers weie stoppeicd to pievcnt cvapoiation of the solutions After 
completion of each expeiiment the viscometei was cleaned and dried and 
the flow time of the solvent was dctciTnmed on a solution made up m the 
same way as the denaturation mixtuie (usually an aliquot of the same solu- 
tion) except th it an equal volume of water was substituted foi the antibody 



Fig 5 The relative viscosity of serum globulin as a function of time of denatura- 
tion in 8 SI urea at 25°, studied at various pH values as indicated The curves are 
empirical 


globulin The relative viscosity was calculated fiom the two flow times, 
smce density diffeience between the two solutions was assumed to be negh- 
gible The lesults of five experiments at a lange of pH values aie given m 

J'tg 5 The early pomts m each experiment lepiesent smgle measuiements 
of the tune of flow, but later measurements aie the average of several 

measuiements 

It IS clear that the behavior ot the viscosity of the solutions varied greatly 
ivith the pH and that the lesults show ceitam similarities to those of the 
antibody inactivation experiments In acid solution the viscosity reached 
essentially its final value rapidly At pH 6 30 the imtial change w^as slow'ei 
but did seem to approach a limitmg value At pH 8 82 the viscosity con- 
tmued to mciease foi the duration of the expeiiment At pH 9 59 a similai 
behavior was noted until about 20 hours, when the viscosity leveled off and 
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finally began to clecieahe This suggests that at this high pH some reac- 
tior other than the denaturation under consideration, for example a hydrol- 
ysis of the peptide bonds, contiibuted to the change of viscosity Thus 
the results are similar to those obtained in the antibody mactivation experi- 
ments m certam respects and certainly confirm the existence of relatively 
slow changes in the protein when exposed to the denaturing action of urea 
An adequate test of the apphcability to the viscosity changes of the theory 
proposed foi the antibody inactivation (2) would be very difficult to mahe, 
howex ei , because it would be necessaiy to Icnow the viscosities of the differ- 
ent molecular species m the various buffer-uiea solutions and to have infor- 
mation about the mannei m which their contributions add to produce the 
observed xuscosity 


SUMMARY 

A study has been made of the mfluence of pH, of certam neutral electro- 
lytes, and of hydrostatic pressure on the rate of mactivation of equine 
Slaphylococcus antitoxin m urea solutions and of the viscosity changes which 
take place during the denaturation Deviations from simple first order 
behavior similar to those encountered m the mactivation of diphtheria anti- 
toxin were observed, and the course of the reaction could be sunilarly 
explained by the simple lunetic mechanism proposed previously, involving 
two competing reactions of the native protem The mfluence of certain 
electrolytes on the mactivation of the antitoxm was observed to be generally 
similar to their mfluence on the liberation by urea of sulfhydryl groups m 
other proteins Hydrostatic pressure was found to have little or no effect 
on the rate or course of the reaction The rate of the viscosity changes of 
the protein in the urea solution was also observed to vary with the pH, m 
a manner which was suggestive of the variation of the inactivationTeaction, 
and confirmed the occurrence of relatively slow changes of the protem in the 
urea solution The meaning of the results was discussed 

This investigation was carried out with the aid of a grant from the Rocke- 
feller Foundation The authors are indebted to Professor Lmus Pauling 
for helpful discussion and to Miss Phyllis Carpenter for technical assistance 
during part of the work 
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A METHOD FOR TILE MEASUREMENT OF RADIOIODINE 
IN BIOLOGICAL AIATERIALS* 

By MICHAEL C BARRYf 

{From the Dcpirlmanl of Pharmacology, Yale Untveraily School of Medicine, 

New Haven) 

(Received for publication, April 10, 1948) 

For the puiposc of biochemical studies utihzing ladioiodine I*^^ as a 
tracer material, it is desiiable to have a simple, sensitive, and thoroughly 
vahdated method foi the measuiement of the radioactivity of the biological 
samples The piesent mvestigation was undei taken to provide such a 
method, Mitli paiticulai leference to the thyioid of the lat, but is adaptable 
with appropi late modifications to any biological material oi compound 
In this pioceduie the iodide in the sample is oxidized to lodate by a modifi- 
cation of tlie peimanganate acid method of Riggs and Man (1), reduced to 
iodide, and the iodide piecipitated as palladium iodide after the addition of 
a. controlled amount of cairiei iodide By this means there is obtamed a 
controlled weight of B=“-contaimng precipitate which is mdependent of 
variations in the chemical composition and the amount of the original 
sample, and which may be easily filteied off for radioactivity measurement 

^latenals and Solutions — 

Reagent grade analytical chemicals were used throughout the expen- 
ments 

Acetone, 5 pei cent by volume 

Palladium chloride, 1 ml of solution contains 10 mg About 20 ml of 
concentiated hydrochloric acid pei 250 ml of solution must be added to 
dissolve the salt 

Potassium iodide, 40 0 mg per ml of solution 

Bisodium acid phosphate, anhydrous, approximately 1 mg per drop of 
solution 

Sodium acid sulfite, appioximately 1 gm per 50 ml of solution 

Sulfuric acid, 8 n and 18 N 

Radioactive iodine I^®^, cariier-fiee in neutral or weakly basic solution as 
sodium iodide Mateiial obtained from the Atomic Energy’Commission 

d'be radioactive iodine used in this investigation was supplied by the Clinton 
aboratones and obtained on allocation from the United States Atomio Energy 
Commission 

This study was aided by grants from the National Institute of Health, the Na- 

p Council, and the National Cancer Institute 

t Fellow of the National Institute of Health Present address, Sloan-Kettenng 
^titute for Cancer Research, New York 21, New York 
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wub uacd \\ithout furlhei pmificiition A btotk solution Loutaining ap- 
proMraately 1 miorocuiie pci ml wis prepared by water dilution 


Procedure 


Oxidation — Bj mcaiib ot a gliuss lod the cvcihcd rat thyroid is placed in a 
10 ml Pyie\ gIaSb-stoppere<l volumetric flask containing 'ipprovimately 200 
rag of polaabUim perm mg mate and 2 ml of IS N sulfuric acid It is 
convenient to use a small gl iss shovel m mcasuriug out the permanganate 
The flask is then pi iced m an asbestos co\ ered clamp at an inclination ot 
about 15° w ith the bulb of the flask several mm abo\ e an electric hot-plate 
The tempeiatuie of the hot-plate is graduallj'' laised until any initial reac- 
tion has subsided and steam has begun to issue from tho mouth of the 
flask Anj' tendency of the contents to bump out of the flask is counter- 
acted by moving it fuither above the hot-plate In this f.ishion gentle 
boihng with cvaporition of water is iccomphshed gradually until the 
volume of liquid h is been reduced to onc-thiril oi one-half At this point 
there will be no tendency to bump, but the reaction should be kept nuld m 
order to pievent loss from spattering Further increase of temperature is 
continued until the sulfuiic acid begins to reflux wathin the flask Shortlj 
after this it should be possible to turn the flisk upright and continue 
lefluMiig without loss fiom spatteiing until a light brown color lemains 
The flask is then lemovcd fiom the hot-plate and allowed to cool The 
entile oxidation lequircs from 2 to 3 hours 

Piccipitation of Iodide — When cool, a few ml of watei aie added to the 
flask, followed by seveial diops of sodium acid sulhte solution, with shaking, 
until the mangincsc dioxide has been leduccd and the solution is colorless 
In the event that it is dcsiicd to utilue onlj a portion of the oiigmal 
sample foi radioactivity measuicmcnts the solution is now diluted to the 
raaik with water, otlieiwise no fuithei dilution is made Then either a 


suitable aliquot or the cntiie solution is tiansfeiied to a 50 ml beaker con- 
taining a gl iss still mg lod, seveial chops of sodium acid sulfite, and 1 ml of 
potassium iodide solution Approximately I ml of acetone is then added, 
and 3 ml of palladium chloiide solution If a 1 ml aliquot of the oxidized 
solution is taken foi uidioactivity measurement, the palladium iodide 
piccipitate will be cont lined in about 25 ml of solution .Vfter stirimg, the 
precipitate is filtered oil under a vacuum on a Pyiex low' foini, 30 mm di- 
ameter, fritted disk ciucible of medium porosity Thiee waslungs of about 
25 ml each, to the second of which aie added a few' drops of acetone, 
effect a piactically quantitative tiansfei of the precipitate to the crucible 
The sides of the ciucible aie then washed dowm successively with 5 per cen^ 
acetone, watoi, and puie acetone With this technique very little if any 
palladium iodide will icmaiii on the sides of the crucibles 
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Measurement of Radioaclmbj — ^.Uter drjang at 110° for a few hours the 
crucibles are read} for measurement In these expeiiments the measuring 
eqmpment consisted of a Radiation Counter Laboratories, mark 6, model 3, 
thin wall (30 mg per sq cm ) /^-counter assembly m conjunction mth an 
automatic recording counting rate meter and calibrating multivibiator, as 
desenbed by lup and associates (2) and by iMauro and Barry (3) The 
background counting rate nas approximately 50 counts per nunute Care 
nas taken to adjust the heights of the ciucibles mth alunnnum dis ks so 
that all the palladium iodide precipitates nould be appioximately the same 
distance from the counter 


EXPERIMENTAL 

Reproducibility — ^As a test of the reproducibihty of the method several 
groups of SL\ or more crucibles v. ere prepared by addmg the same amount 

Table I 


Reproductbtltly of Method 


Eipenment Lo 

No of miables 

Coeffiaent of variaUoa 



per cent 

1 

6 

1 6 

2 

6 

26 

3 

6 

1 8 

4 

6 

1 9 

5 

12 

14 

6 

6 

35 

7 

6 

33 


of aqueous P” with a 1 ml pipette or tubercuhn syrmge to 50 ml beakers 
contaunng several drops of sodium acid sulfite and 8 n sulfuric acid Potas- 
sium iodide and palladium chlonde n ere added and the precipitates filtered 
off and measured as desenbed above, mth the exception that m some of the 
experiments acetone was omitted The results are summarized in Table I 
In Experiment 1, acetone was not used Experiments 2 and 3 were re- 
measurements of the crucibles m Experiment 1 The P” m Expenment 4 
'^as added to 10 ml volumetnc flasks contaimng the solution resulting 
from the oxidation of approximately 20 mg of rat tissue After dilutmg 
to 10 ml with water, 1 ml ahquots from each were treated as above 
Expenment 5 consisted of the simultaneous measurement of the crucibles in 
Experiments 1 and 4 In Experiments 6 and 7 a 1 ml tubercuhn synnge 
instead of a pipette was used to deliver the and acetone n as added 
Ralf Life of P^' — ^Remeasurement of the same crucible after several weeks 
provnded a value for the half fife of P^i differmg by 4 3 per cent from the 
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accepted value of S 0 days Thus there w ould uot appear to be any 
change m activity of the palladium iodide une\plained by radio ictuc 
decay 

Lincauly of Dilution — Triplicate s^imples at each of throe I”' dilutions 
^vere prepared as in the leproducibihty mcisui omenta above without the 
use of acetone The results arc presented in Table II The activity of the 
most dilute siunple was about 5 times the background 

Effect of Thickncbs of Palladium Iodide Piccipitale on Mtaiiiucd Activity — 
Three sets of crucibles containing ctjual amounts of T” were prepaied with 
palladiiun iodide thicknesses of G 2, 12 1, and IS G ing per sq cm The 
activities of the two latter w'erc lespectivcly' 5 and lo per cent lower than 
those of the G 2 mg poi sq cm tlncknc's V tlinknc's of 0 2 mg per sq 
cm of palladium iodide was that obtained by the precipit ition of the iodide 
m 40 mg of potassium iodide and its umfoim deposition on a .10 mni 
diameter fritted disk 


Tuile II 
Dilution Lincanty 


Dilution ! 

Vctwity 1 

Dcvutioo from 
Uicoteticul 

CxpctimcoUl 

1 Csicubtcil 


caunlj per mtn 

couiiU per min | 

#<!• cent 

1 

3120 

(3120)* 


02 

071 

GSl 1 

1 -10 

0 08 

271 I 

1 

, -07 


* E\ponmcntally dotormmed 


Recovery of Palladium Iodide Gravimch ically — In four experiments con* 
sistmg lespectivcly of nine, six, six, and twelve ciucibles each the weights of 
the palladium iodide pi ccipitates w cro deteimmed In Expei unents 1 and 3 

the precipitates were prepared as in the i eproducibilitv raeasuremeuts 
Acetone was not used m Expei iinent 1 Expei micnt I ciucibles were the 
precipitates from a gioup of rat thynoids piepaied iccording to the pio* 
ceduie given eaihci The aveiage piecipitate w^eight w is 13 CO ±0 17 
mg , as tested by the analysis of vaiiance tlieie w'as no significant difteience 
m weights between the foui expcimients On the assumption that 400 
mg of potassium iodide weie added m each piecipitatioii, 43 4 mg o 
palladium iodide wmuld have resulted The average w'eight obtained, 
13 b mg , coriespouds to the addition of 40 15 mg of potassiimi iodide^ 
This deviation is withm the possible eiioi in weiglung and in the dehveiy 
of 1 ml of solution by volumetric pipette 

Recovery of Radioiodine—Losa of I»‘ duiiiig oxidation was measuied oj 
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sericb of tliice e\peiimeulb, m oicli of winch the activity of si\ samples 
prepared as m the repi odiicibihty me isuiements was compared with a set of 
si\ containing oiigiiially the s ime unount of ladioiodine but oxidized mth 
10 to 25 mg of non-iadioactive lat tissue In the piepaiation of these 
latter samples the I‘^‘ w as added to the 10 ml oxidizing flasks, the sides 
rinsed i\ath 2 to 3 ml of w itei, about 5 mg of disodium hydiogen phos- 
phate were iddcd, and the solution evaporated until only a few diops 
remained Then potassium peiraanganate, sulfur ic acid, and lat tissue 
i\ere added and the determination conducted according to the procedure 
given earlier In the case of both groups acetone i\as omitted from the 
filtration of the palladium iodide piecipitate The average recovery was 
99 5 per cent *'Vs tested by an analysis of variance the difference between 
the oxidized and non-oxidized gt oups was not sigmficant On the assiunp- 
tion of the same variance a mean difference of about 2 per cent would have 


T^ujle III 

Recovery of Radtoiodme 


Experi 
meat 1 
No 

Scale readings 

Per cent 
recovery 

1 

Ovidized 

CO 

59 

57 

59 

56 

58 



Non oxidized 

CO 

CO 

58 

59 

58 

56 

99 4 

2 

Oxidized 

73 

70 

71 

71 

67 

68 



Non oxidized 

72 

73 

70 

70 

70 

71 

98 5 

3 

Oxidized 

47 

48 

48 

47 

45 

49 



Non-oxidized 

48 

47 

45 

48 

45 

44 

100 2 


been sufficient to produce a significant lesult The data aie presented in 
Table III Readmgs are m arbitiaiy scale units 
Efficiency of Radioactivity Measurement — ^An I'^‘ sample, whose absolute 
disintegration rate had been determined mth a National Bureau of Stand- 
ards radium D E /3-iay standard, was precipitated and measured as m 
the lepioducibility expeiiments In this way the efficiency of this method 
was found to be about 1 pei cent On the basis of sample counter geom- 
etry an efficiency of appi oximately 3 per cent would have been expected 
The additional loss is due principally to /3-ray absorption by the relatively 
thick countei vandow (30 mg pei sq cm ) 

Palladium Iodide on Walls of Ci ucibles — When acetone was omitted fiom 
the filtration step, a small amount of palladium iodide i emained on the n alls 
of the crucibles In the case of eleven crucibles, judged visually to have an 
average to maximum amount of precipitate on the i\alls, the weight of 
precipitate was measured and found to vary between 0 1 and 0 9 mg 
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IS^i 

Rcmov'ul of the prctipituto rcbultcd lu reductious of radioactivity varjing 
from 0 to 2 pci ceut 


DlbCUSSION 

Uiulci tlic couditioiia dcaciibed tlii& method h suitable for the OMclation 
and me iiiuemcnt of tlie eoiittnt of th^Toids fiom iioimal rats utiglung 
as luiK h lOU gm ind liaving fresh thyroid weight', of ipproMinately 30 
mg I aigei amount', of neitcii il could be handled either or both of the 
two wa> 'i lollowrng Fiist it would be \ciy biinplc to incie'ise consideiably 
the efliciency of the radioactivity measuiemento With the present 
technique it was lound that about 1 pei cent of the disintcgriting atoms of 
1'^' w'a-, actuilly detected If we asaiime coiibenatncly tint i counting 
late ot about twice the background, 100 counts per minute, would be 
icquiicd foi le isouably preciae measuiement of activity , it w ould be possible 
to measuio 0 17 milhrutheiford of (or less accurately st ited, 1 5 X 10"’ 
miciocuiie) By idopting the precipitation technique described by 
Ilcmuiues ct al (1), and linally mounting the pdladium iodide precipitate 
on a 20 mm filtei papci about 2 mm from i thin window, le ul-shieldcd, 
bell-type lountei with a backgiound of 30 to 10 counts per minute, it 
least 30 pei cent of the I'’‘ disintcgiations could be detected Ihis would 
make possible the measuiement of 1 X 10"’ milhrutheifoid (lO"'* raicro- 
cuiie), a coiisideiable improvement m sensitivity This scmitnity could 
be utilized to i educe the amount of material icquned, 10 to 25 mg aliquots 
being taken foi analysis 

Secondly^ mochfication of the oxidation conditions could be made to 
accommodate laigei amounts of oigauic matter ^Vn appioxunitely 10- 
fold incicase m w'eight of oxidized mateiial probably could be made with u 
piopoitionatc incicase m ciuautities of leageuts and size of oxidation 
flasks Obviously, incieasiug the amount of tracer w'oultl fuither increase 
the dilution possible, w ith a consequent reduction m amount of necessary 
mateiial and requued sensitivity 

' SUaiJIAUY 

1 A convenient method for measuung ladioactive lodme, m the 
noiinal lat thyroid is described 

2 With the technique described a sensitmty of 0 17 milhrutherford is 
achieved An idtunate sensitivity of at least 4 X 10"’ milhrutherford, 
10"'* miciocmie, is possible 

3 The method is readily adaptable to other biological materials 

4 Recoveries of added radioiodme are 99 per cent 
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ESTIMATION OF a-AMINO ACIDS IN PURE SOLUTIONS, IN 
BLOOD, AND IN URINE WITH pe?z-NAPHTHINDAN- 
2,3,1 TRIONE HYDRATE 

IL R U)W VX MOUBASHER 

(Jtoiii Ihc I'acvllij of Science, Fouad 1st Universitij, Cairo, Egypt) 

(Recened for publication, January 23, 1948) 

Ruliemana (1) reported that when free ammo acids aie warmed m 
shghtlj’- acid or neutral solution with tiiketohydiindene hydrate (nmhydrm) 
they are decomposed to yield cai bon dioxide, ammonia, and the next lower 
aldehyde Glycine is an exception to this rule and does not yield for- 
maldehyde 

Van Slyke, AlacFadyen, and flamilton (2) have described a method foi 
the determination of free ammo acids by titration of the carbon dioxide 
formed in the reaction with ninhydiin, Van Slyke, Dillon, MacFadyen, and 
Hamilton (3) have pointed out that isatm m glacial acetic acid and chlora- 
mme-T, at pH 2 5, may be used m place of mnhydrin Virtanen, Lame, 
and Toivonen (4) have described a quantitative method foi the estimation 
of ammo acids m protein hydrolysates based on the quantity of aldehyde 
liberated by means of mnhydrin 

In the present woik it is shown that pm-naphthindan-2,3,4-trione hy- 
diate quantitatively decomposes a-ammo acids m slightly acid medium to 


C\ /OH 

C + R— CH— COOH 

C/ ^OH 1 

n NH= 


O 

+ R— CH=0 + CO- + NH, 


OH 

(HI) 

the corresponding aldehyde with 1 carbon atom less (c/ Sclionberg, Mou- 
oasher, and Mostafa (5)) 

perz-Naphthmdan-2,3,4-trione hydiate is valuable for the determi 
tion of flee o-ammo acids m blood and uime by the estimation of the al 
ydes formed durmg the reaction In the case of blood the pr ms ca 
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removed v, ithout loss of ammo acids Picnc acid has beeo found to be the 
paosfc convenient reagent for this purpose (c/ Ilaraiiton and Van Sl>ke (6)) 
Its application la veri simple and j lelds a filtrate of pll 1 S to 2 0, cslucli is 
suitable without tlic addition of any other buffer for the pm-naphthindan 
2,3, l-trionc hydrate reaction 

Unlike the pcrt-naplilbindan-2,3, l-tnone hidrate method, the nitrous 
acid method applied to unne by Van Slyke and Ivirk (7) and tlie foirool 
titration of Soren'-en (3) tan be used to estimate not onlj^ the a-amino 
nitrogen of free ammo acids but also the terminal ammo groups of pep 
tides, as well as ammo groups of purines, pyrimithncs, and aliphatic amines 
otliei than ammo acids 

Preparation of pcTi-Naphlhmdan-2 ,3 , {-tnonc Hydrate — ^ptri-Naphlhm 
dan-2,3,l-triono hjdrale is easily prepared (cf Errera (9)) b}'' treating 
hydioxykctopeunaphthmdonc wnth plienylhj drazme in acetic acid solution 
and boiling under a refluv condenser for 10 minutes The intense red 
crjatalhne substance obtained la filtered oft and treated with bromine 
water until the red color changes to yellow and the excess bromine is drnen 
off by boiling foi a short time, on cooling, golden jellow prisms of pin- 
iiaphthinchu-2,3,i-trioue hydrate separate out It is soluble m w iter, 
alcohol, acetic acul, slightly soluble m benrene, and more soluble m xylene 
It IS stable at 100°, but at 110° it giadually loses water and passes into the 
anhydrous triketone, melting at 273° with decomposition It gives an in 
tense blue coloiation w ith strong alivali, reduces Fchling’s solution and silver 
salts and is leduted by phenylhydr ume, hydroxyiamme, sulfur dioxide, 
and hydrogen sulfide For other properties, c/ (10,11) 

In addition to the ease of its preparation, pcn-naphthmdan-2,3,4-tnoae 
hjdrate is relatively inexpensive as compared with ninhydim hloreover, 
the reduction product obtamed in the case of nmhydnn cannot be re- 
geneiated and reoxidized to reform nmliydnn, while m the case of pen- 
naphthmdan-2,3,4-tuoue hydrate (I), its reduction product, dihydroxa- 
ketopei maphthmdene (III), can be separated and reoxidized by bromine 
water to the initial substance almost quantitatively 

Esliviaiion of a-Amino Acids %n Pine Soluiwns 

Principle — ^Tlie estimation of the followung a-ammo acids has been csrried 
out with peu-naphthmdan-2,3,4-trione hydrate, as they are converted to 
the next corresponding volatile aldehyde wath 1 caibon atom less when they 
are w'armed m a dilute buffer solution alanine, leucine, isoleucme, valme, 
serine, aspartic acid, and phenylammoacetic acid Aspartic acid is de- 
composed to acetaldehyde (proved by the formation of the 2,4-dmitro- 
phenylhydrazone derivative) 
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Reagents — 

1 Citrate buffers (3), pll 17, guild together 17 65 gm of NaaCa- 
HaO? 2 H 2 O and S 1 gm of CoIIgOr HjO to a fine pow der pH 2 5, grmd 
together 2 06 gm of NaaCallaOa 211,0 and 19 15 gm of CaHaO? HjO 

2 Sodium bisulfite solution, 1 pei cent 

3 Sodium bisulfite, 0 01 k 

4 Iodine, 0 01 n 

5 Saturated solution of sodium bicaibonate 
G Starch solution, freshly piepared 

7 Pure p(.ri-naphtlundan-2,3,4-tnone hydrate 



^VVaTalus — 

1 Rehberg micro burette of 2 cc capacity 

2 Micro pipette of 2 cc capacity 

3 Reaction and distillmg apparatus A distillation flask (A) is provided 
with a capillary tube for the passage of carbon dioxide, and an efficient 
reflux condenser (B) is connected by means of glass tubing to a Liebig con- 
denser (C) The receiver is formed by two washmg flasks cooled m ice (D) 
(Fig 1) 

Method 

0 2 to 5 0 mg of the ammo acid (which must be dried over sulfuric acid in 
a vacuum desiccator overnight to constant weight) m 20 cc of distilled 
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water and 50 mg of the appiopnate citiate buffci aie placed m the leactiou 
vessel with 50 mg of the pulveiized pcu-uaphthmdan-2,3,4-tnone hy- 
drate A continual cuiient of caibon cho\ide is allowed to pass through 
the apparatus during heating The distillate is trapped in 5 cc of 1 per 
cent aqueous sodium bisulfite plated in special bubblers ivhich are cooled 
e\teinally w ith ice The icaction vessel is heated m an oil bath at 140-150“ 
for 50 minutes The contents of the receiveis aie transfeiied quantiti- 

Tablc I 

Reaction of Ammo Acids nith pen Naphlhmdan-3 ,3,4 Irionc Hydrate 
1 cc of 0 01 N I; corresponds to 0 145 mg of alanine, 0 655 mg of leucine or iso- 
leucme, 0 585 mg of valine, 0 525 mg of serine, 0 665 mg of aspartic acid, and 0 755 
mg of phenylaminoacetic acid 


Amtno acid 

Amount 

pH 

0 01 s Is 

Recover) 


mz 


CC 

per cent 

Alanine 

3 

2 5 

6 6 

97 9 


3 

1 7 

6 6 

97 9 


0 

2 5 

0 0 

0 0 

Lcucino 

3 

2 5 

1 5 

98 2 


3 

1 7 

4 5 

98 2 


0 

2 5 

0 0 

0 0 

Isoleuoinc 

3 

2 5 

4 5 

98 2 


3 

1 7 

1 5 

98 2 


0 

2 5 

0 0 

0 0 

Valine 

5 2 

2 5 

8 S 

99 0 


6 2 

4 7 

S 7 

97 8 


0 

2 5 

0 0 

0 0 

Serine 

3 

2 5 

5 5 

96 2 


3 

4 7 

5 5 

96 2 


0 

2 5 

0 0 

0 0 

Aspartic acid 

3 

2 5 

4 4 

97 5 


3 

4 7 

4 4 

97 5 


0 

2 5 

0 0 

0 0 

Phenylaminoacetic acid 

1 

2 5 

5 1 

96 2 


4 

4 7 

5 1 

96 2 


0 

2 5 

0 0 

0 0 








tively to an Eilenmeyei flask and the e\cess of sodium bisulfite is lemoied 
with 0 01 N iodine, and then the slight excess of iodine is destioyed wth a 
minimal quantity of 0 01 x sodium bisulfite, fieshly piepaied staich solution 
being used as an intei nal indicatoi The bound sodium bisulfite is liberated 
by the addition of 20 cc of a satin ated solution of sodium bicarbonate 
The free sodium bisulfite is then titrated by means of 0 01 x iodine The 
data m Table I give the lesults obtained wth seveial ammo acids 

Eslimahon of a-Annno Acids vi Blood~l cc of blood piovides sufficien 
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material for analysis It is pipetted into a round bottom centrifuge tube 
and 5 cc of 1 per cent piciic acid solution azc added The mixture is 
shaken vigorously and complete precipitation of the protein is effected m a 
few seconds Filtiation is c lined out by means of a sintered glass micro 
filtei and the piecipitate is washed seveial times wuth a veiy small amount 
of watei The filtiate (about 20 cc ) is placed in the reaction vessel, and 15 
cc of distilled watei are added wnth 20 mg of the powdeied pen-naphthm- 
dan'2,3,4-tnone hydrate, a continual cuiient of carbon dioxide is allowed 
to pass through the apparatus during heating The distillate is trapped m 
0 cc of 0 5 per cent aqueous sodium bisulfite m the receiver which is cooled 
with ice The icaction vessel is heated m an oil bath at 140-150° for 30 
minutes The contents of the leceivei aie tiansfeiied quantitatively and 
the bound sodium bisulfite is hbeiated and titrated as m the case of the 
solutions of amino acids The results aie presented m Table II 


Tibcb II 

Delcrmmalion of Amtno Acids in Blood 


Amount of blood 

0 01 V Ij 1 

Ammo acid mtrogea 

cc 

CC 

tng per cenl 

1 

0 8 

5 6 

1 

0 74 

5 18 

1 5 

1 14 

7 98 

1 5 

1 2 

8 4 

t + 1 mg alanine 

2 8 

19 6 


Estimation of a-Amino Aads in Unne — If the analysis cannot be started 
withm an hour or two after the urine is collected, it is satuiated wnth 
thymol and stored m a refrigerator 2cc of uime are placed m the reaction 
vessel as described previously wuth 1 drop of 0 04 per cent bromocresol 
green, and 5 n sulfuric acid is added until the solution is just yellow (ap- 
proximately pH 3) , then 100 mg of citrate buffer of pH 2 5 and 100 mg of 
powdered pm-naphthmdan-2,3,4-trione hydrate are added and the mix- 
ture IS heated m an oil bath at 150° for 20 minutes The distillate is col- 
lected and the amount of the bound sodium bisulfite is estimated as men- 
tioned above The results obtained aie summarized in Table III 
Action of pen-Naphthindan-2 ,3 ,4-tnone Hydiate on Aspartic Acid — For 
this experiment the apparatus desciibed m Fig 1 is modified so as to replace 
the bubblers wnth an Erlenmeyei flask w'hich contains an alcoholic solution 
2,4-dmitiophenylhydrazme pe?x-Naphthmdan-2, 3 ,4-tnone hydrate 
(0 5 gm ), aspartic acid (0 29 gm ), and 100 cc of w^ater are placed in the 
Claisen flask fitted ivith the condenser , a contmual current of carbon dioxide 
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IS allowed to pass through the apparatus and the receiver which contains 
0 3 gra of 2,4-diaitropheaylhydrai5ine m alcohol (20 cc ) The mi\ture m 
the flask is boiled for about 20 minutes, after which orange-yellow needles 
are obtained m the receiver, the determination of the melting point (167°) 
and the mixed melting point pioved the compound to be acetaldehjde- 
2 ,4-dimtrophenylhydrazoae 

CbHjOiNi Calculated C 42 0, H 3 5, N 25 0 
Found “ 43 2, “ 3 5, “ 24 9 

Regeneration of pen-NaphtInndan-2,3,/rlrione Hydrate (/) — ^Tlie reaction 
product obtained by the action of the ammo acidonpert-naphthindan-2,3,- 
4-trione hydrate, which consists of dihydroxypennaphthindene (III), i5 
filtoied off and washed with hot water and then treated with dilute bromine 
water with shaking The mtense red color disappears, with the formation 
of an almost colorless substance The whole mcvture is concentrated and 


Table III 

Dclerminalion of Amino Acids in Unne 


Amotint o( annc 

0 01 K Ij 

Amioo aud mtiogea 


<C 

tm per cent 

1 

6 0 

0 042 

1 

5 8 


1 5 

8 6 


1 5 

8 0 


1 -P 1 mg alanine 

8 0 



left to cool, whereupon pei'i-naphthmdan-2,3,4-trione hydrate separates 
as a yellowish crystalline precipitate, as shown by determinations of melting 
pomt, mixed melting point, and color test with sodium hydroxide solution 

smuMAnY 

1 pea-Naphthmdan-2 ,3 ,4-tnone hydrate can be used for the determina- 
tion of a-ammo acids, as they are decomposed by this reagent quantitatively 
to the next lower corresponding aldehyde, under the same expeiimeutal 
conditions as WTth ninhydrm The new reagent has the advantage of being 
less expensive and can be regenerated almost quantitatively 

2 a-Amino acids can be estimated m blood and urine ivith the same re 
agent under conditions similai to those used m solutions of ammo acid^ 

3 Aspartic acid is decomposed by pm-naphthmdan-2,3,4-tuone hy- 
drate to give acetaldehyde, wlpch was identified by means of its 2,4'Cl-U‘- 
trophenylhydrazone derivative 
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THE INHIBITION BY STREPTOMYCIN OF ADAPTIVE ENZYME 
FORINLVTION IN j\IYCOB \.CTERI/\.* 

By ROBERT J FITZGERALD. FREDERICK BERNHEBI, and DOROTHEA 

B FllZGERALD 

(From ihc Depart, ncnt oJ Phys,olog,j a, id Pharmacology, Duke UmversUy School of 
iUcdiciiiCf Duvhaiiif North Caroliiid) 

(Received for publication, April 19, 1948) 

A number of Mycobaclena oxidize benzoic acid and some can use it as the 

of u addition of benzoic acid to suspensions 

ot Mashed organisms in the Warbuig vessel its oxidation proceeds slowly 
60 to 60 minutes, then veiy lapidly until about half the amount of 
complete combustion is taken up The late then paiallels 

rl., f thought that this latent period was 

ue to the slow penetration of benzoic acid into the cell CeUs grown with 
enzoic acid m the medium show, howevei, a much shorter latent period, 
anier (2) has piesented evidence that benzoic acid and related com- 
wh!°h by Pseudomonas jiuoiescens after a sunilar latent period 

of th *0 foimation in the non-pioliferatmg cell suspension 

th f adaptive enzymes We have pieviously shown (1) 

Th inhibits the oxidation of benzoic acid by Mycobaclena 

or ought be the lesult of the inhibition of the benzoic acid oxidase 

e inhibition of the foimation of the enzyme by the drug Evidence 
fu latter explanation is cojrect The followmg contams 

pff ^'^^^I'^totive data on the formation of an adaptive enzyme and the 
ect of streptomycm on this process 


EXPERIMENTAL 

Most of the experunents were done with two organisms, Mycobacterium 
er^ZoMs, BCG strain (Ameiican Type Culture Collection 8240), and 
yco acienum lachcola (obtained oiigmally from Dr Van Niel’s collec- 
lon' The BCG stiam was giown 72 hours m Long’s synthetic medium, 
groun and washed with distilled water, and finally suspended m 0 05 
I so lum-potassium phosphate buffer, pH 6 7, so that 1 0 cc contamed 
th packed bacteiia Each Warburg vessel contamed 0 5 cc of 

IS acterial suspension m a final volume of 2 0 cc Mycobacterium lachcola 
houis in the synthetic medium of Kohn and Harris (4) 
and the moculum piepared in lilm manner 

Aided by a grant from the Duke Umversitj Research Council 
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The first e\penments Avere done with Mycobacterium laclicola which 13 
the only one of several Mycohaclcna tested which will oxidize p- and m- 
hydroxybenzoic acids as w'ell as benzoic acid itself 1 he effect of strepto- 
mycin w as tested on the oxidation of p-hydroxybenzoic acid by the nor- 
mal bactena and by those grown m a medium contairung 40 mg per cent 
of p-hydroxybenzoate Fig 1 shows that mcreasing concentrations of 
streptomycm cause greater inhibitions of the oxidation of p-hydioxybenzoic 



Fig 1 The effect of streptomycm on the oxidation of p-hydroxybenzoic acid by 
Mycobacieriujti lachcola gron n m a normal medium and in the presence of tO mg 
cent of p hydroxybenzoic acid pH 6 7, temperature 37“ The control oxygen up 
takes have been subtracted in each case 

acid by the normal cells but have comparatively httle effect on cells m 
which the adaptive enzyme has alieady been foimed 

With this species of Mycobaclena it is possible to test the specificity 
of the adaptive enzyme production, m othei w^ords, the effect that growih 
m benzoic acid will have on the subsequent oxidation of p-hydioxybenzoio 
acid and \ice veisa Table I shows that growth m benzoic acid increases 
to a small extent the amount of adaptive enzyme for p-hydioxybenzoic 
acid and that growth in p-hydroxybenzoic acid has a somewhat greater 
effect on the amount of adaptive enzyme for benzoic acid and that m- 
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hibitioa of tins reaction by streptomycin is correspondingly less It is 
also quite clear that the t\\ o acids are oxidized by separate enzymes Simi- 
lar experiments can be done with wi-hydioxybenzoic acid, mdicatmg that it 
also IS oxidized by a specific enzyme 

The next question of interest was to determine the amount of benzoic 
acid required by the cell suspension to pioduce a measurable amount of 
adaptive enzyme and the time of exposure necessaiy foi the effect to occur 
For these experiments Mycobadcriuni tubei culosis BCG was used, smce it 
IS much more sensitive to stieptomycm than Mycobactenutn lachcola 
Suspensions were incubated in the Warbuig vessel at 37° foi vaiious periods 


Table I 

EJfecl of Growing Mycobadcriuni lachcola with and wtlhoul Bensoale orp-Hydroxy- 
benzoale on Subt^equcnl Rale of Oxidation of 1 0 Mg of Each and Effect of 
Slrcplomycin Thereon 

The control uptakes haxc been subtracted N = normal cells, B = cells grown 
48 hours in 40 rag per cent of benzoate, P = cells grown 48 hours m 40 mg per cent 
of p hidroxybenzoato The figures represent c mm of oxygen uptake pU 6 7, 


temperature 37“ 

Tune, 

htj, 

nun 

N 

B 

N 

B 

Ben 

wate 

Ben 

zoate 

# Hy- 
droxy 
benzoate 

;&Hy 

droxy 

benzoate 

0 30 

-6 

93 

0 

4 

1 00 

4 

276 

62 

85 

1 30 

59 

427 

186 

224 

2 00 

139 

554 

338 

399 

2 30 

229 

563 

454 

508 

3 00 

358 

677 

553 

679 

With 5 0 to 10 0 7 

of sodium ben 


Tune, 
hr , 

gitn 


0 30 

1 00 

1 30 

2 00 

2 30 

3 00 

4 00 


N 

N 

Inhi 

biuon 

P 

P 

Inhi- 

bition 

Ben 

zoale 

Ben 
zoate 
+ 01 
ms 

strepto- 

myan 

Ben 

zoate 

Ben 
zoate 
+ 01 
mg 

strepto 

myem 



per cent 



percent 

-10 

-2 


-20 

-10 


-10 

-18 


-14 

-8 


13 

-13 


52 

15 


67 

0 


193 

48 

75 

132 

12 

91 

306 

84 

73 

330 

50 

85 

520 

182 

65 

489 

81 

84 

539 

204 

51 


With or without 10 to 20 7 of streptomycm was added irom me siue ai s 
Table II shows that 15 mmutes mcubation with 5 7 of benzoate are sufficient 
for the formation of a demonstrable amount of adaptive enzjme, as shown 
by the shorter latent period before oxidation occurs an e ecrease 
inhibition by streptomycm The effect of 10 7 of benzoate is coirespon 
mgly greater, but 20 7 are little better than 10 7 , piesumably because tun 
rather than concentration has become the hmitmg factor 
In order to ehmmate the tune factor, various concentrations of benzoate 
were meubated xvith the cell suspensions for 60 mmutes pnor 0 
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tion of the 10 mg of sodium benzoate Piciiicubation ^\^th 100 7 of 
benzoate for this length of time evokes almost the maximum amount of 
adaptive enzjmes shown m Table III by the small inhibition by stiepto- 
mycin This value is not absolute but vanes with the numbei of bacteria 
and the concentiation of sticptomjcin lelative to this numbei 
Tables II and III show that maximum inhibition by streptomycm does 
not occui immediately This latent peiiod is piobably the result of the 
lelatively slow penetiation of the diug into the cell because when strepto- 
mycin IS added 90 minutes before the ben/o ite maximum inhibition occurs 


Tvdle II 

Effect of Preincuhalion with 6 0 and 10 0 y of Sodintn Benzoate with Suspensions of 
Mycobaclcrium tuberculosis BCG for 15 Minutes on Subsequent Oxidation of 1 0 
Mij of Sodium Benzoate and Effect of 20 y of Streptomycin 2'hercon 


The control uptakes have been subtracted The figures, in c mm of 0:, represent 
the oxidation of the 1 0 mg of benzoate pH 6 7, temperature 37“ 


Time. 


Control 


PrciQCubation \\ith 5 O7 
benzoate 

Prcmcubation TMlh 10 Oy 
benzoate 

hrs , 
mm 

Benzoate 

alone 


Inhibition 1 

Ucnzoatc 
aloai. 1 

Benzoate 

+ 

sUepto 

mycm 

Inhibition 

Benzoate 

alone 

Benzoate 

+ 

strepto- 

cm 

Inhibi 

UOD 

0 15 

2 

m 

per cent 

0 

11 

1 ° 

per cent 

0 


11 


0 80 

12 


0 

26 

24 

0 


29 


0 45 

26 


23 

53 

11 1 

23 


54 

8 

1 00 

50 

29 1 

42 

87 


31 

97 

79 

19 

1 15 

87 


57 

148 

84 

42 

162 

112 

31 

1 30 

135 


61 

205 

98 

52 

; 229 

131 

41 

1 45 

204 


72 

1 279 

119 

57 

305 

161 

47 

2 00 

275 


77 

356 

1 132 

63 

1 392 

181 

54 

2 15 

360 


81 

436 

149 

66 

452 

208 

54 

2 30 

433 


82 

486 

164 

66 

480 

228 

63 

3 30 

465 

1 

Hlfl 

81 

1 513 

203 

62 

506 

287 

44 


immediately Thus the diug mhibits the foimation of the benzoic acid 
oxidase as well as other enzjnnes mvolved in the degiadation of the benzoic 
acid molecule 

Another approach to the problem can be ob tamed by the use of piepara 
tions of somcally luptuied cells A Raytheon oscillator with a frequency 
of 9000 cycles per second and an average output of 60 watts was used 
Cultures of Mycobactenum lachcola grown m normal media and m 
hydioxybenzoic acid as the sole carbon source wnre washed by centrifuga- 
tion and placed m the oscillator foi 20 minutes In this length of time 90 
per cent of the bacteria was lolled as mdicated by plate counts and some 
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of the enzjanatic activity had been lost Inci easing the time of shal^mg 
fuithcr lediiccd the enzymatic activity Table IV shows that this treat- 
ment gicatly leduces the OMilatiou of Hi-hydio\y benzoic acid by the normal 

1 vuir III 

effect of ercinciibation of Various Imounts of Sodium Benzoate for 60 minutes on 
Subsequent Oxidation of 1 0 mg of Sodium Benzoate by Mycobacterium tuberculosis 
BCG and Effect of 20 y of Streptomycin Thereon 


The control uptakes lia\c been subtracted The figures represent c mm of oxy- 
gen uptake pll G 7, temperature 37“ 


Time, 


Control 


1 Prcmcubation with 50 y 

1 benzoate 

Preincubation with IOO 7 
benzoate 

brs., 

nun 

Benzoate 

alone 

Benzoate 

+ 

alrcpto- 

myem 

Inhibition 

Benzoate 

alone 

Benzoate 

+ 

strepto 

mycm 

Inhibition 

Benzoate 

alone 

Benzoate 

+ 

strepto- 

mycm 

Inhibi- 

tion 

0 25 

9 

1 

10 1 

per cent 

0 

36 ! 

28 

per cent 

1 

36 

34 

|B 

0 45 

24 

17 

29 

80 

60 

25 

74 

71 


1 20 

78 

10 

49 

189 

135 

28 

182 

161 


1 40 

129 

55 j 

57 

1 262 

178 

32 

261 

213 


2 00 

188 

70 

03 

338 

219 

35 

336 

263 


2 20 

251 

84 

66 

407 

259 

37 

411 

310 


2 40 

320 

99 

69 

473 

295 

38 

460 

357 

22 

3 10 

432 

119 

72 

602 

354 

30 

474 

429 

10 


Table IV 


XV 

Oxidation of t 0 Mg of Sodium m-Hydroxybenzoale by Mycobacterium lacticola Grown 
in Normal Medium and with m-Hydroxybenzoate As Sole Carbon Source 
The cells were subjected to sonic treatment for 20 minutes The control uptakes 
which \\cre very small have been subtracted The figures represent c mm of oxygen 
uptake dH 6 7. temnernt.nrp .17'’ 


Time, hrs , min 

Control 

Grown m m hydroxybenzoate as sole 

C source 

m Hydroxybenzoate 

#;i-Hydroxybcnzoate 
0 2 mg 

streptomycin 

m Hjdroxybenzoate 

in Hydroxybenzoate 
+ 02 mg 
streptomycin 

0 30 

0 

0 

20 

17 

1 00 

0 

0 

42 

38 

2 00 

2 

0 

89 

70 

3 00 

9 

0 

126 

1 

106 

1 


Cells The cells giovTi m ??i-hydioxybenzoate aie still able to oxidize it, 
although moie slowly than the equivalent amount of livmg cells A suffi- 
cient number of living cells are, however, piesent m both cultures so that 
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adaptive enzyme formation is mdicated by the rate of oxidation mcreasing 
with time Befoie this occurs to a signihcant extent, the oxidation is not 
mhibited by stieptomycin Thus the effects obtained with the hving 
adapted cells are not the lesult of changes m permeability to the drug 

DISCUSSION 

Cohen (5) has shown that stieptomycin combines with nucleic acids 
It seems piobable that this is part of the mechanism by -which the drug 
inhibits the foimation of adaptive enzymes since nucleoproteins apparently 
are concerned in enzyme formation Whethei this effect of streptomycm 
can also explain the mhibition of growth depends on how unpoitant the 
formation of adaptive enzymes is to the noimal functioning of the cell 
We have thus far been unable to demonstrate adaptive enzyme formation in 
virulent Mycohaciena -which are sensitive to streptomycin It is probable 
theiefore that the inhibition of adaptive enzyme formation is only one 
aspect of the mcchamsm of streptomycm action 

SUMXURY 

1 Benzoic acid is oxidized in certain Mycohaciena by an adaptne 
enzyme, the formation of w Inch is mhibited by streptomycin 

2 Some of the factors affectmg the adaptive enzyme formation are 
descnbed 
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THE EFFECT OF SUCCINATE ON RESPIRATION AND CERTAIN 
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{From the Department of Medicine, Cornell Univcrstly Medical College, and The New 

York Hospital, New York) 

(Received for publication, February 19, 1948) 

The sti living enhancement by succinate of the O2 consumption of excised 
tissues suggested the possibility that this substrate might serve to mamtam 
more noraial oxidative rates in tissues exposed to the reduced oxygen ten- 
sions prevailing m circulatory shock As part of a coordinated reseaich 
program on the therapy of shock under the auspices of the Committee on 
Medical Research of the Office of Scientific Research and Development, this 
possibility was explored in a number of laboratories Studies m this 
laboratory were earned out on excised tissues m order to avoid the diffi- 
culties of mterpretation inherent in experiments on whole animals and to 
permit a more specific analysis of the respiratory and metabohe effects of 
sucemate 

The experiments were designed with two purposes m mmd The first 
was to ascertam the effect of sucemate on the respiration of a vaiiety of 
mammalian tissues iti vtlro under the low O2 tensions characteiistic of 
circulatory shock The second was to determine the influence of sucemate 
on specific essential metabolic processes, particularly those which require 
oxidative energy for their mamtenance The following tissues and meta- 
bolic processes were investigated brain (acetylcholme synthesis), liver 
(urea synthesis), kidney (deammation), cardiac muscle and smooth muscle 
(“high eneigy” phosphate lesynthesis), and skeletal muscle 

With all of these tissues succinate m substrate concentration* markedly 
mcreased the O2 consumption at low as well as at high O2 tensions How- 
ever, m no mstance was the energy resultmg from the extra oxygen con- 

* The i\orL described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Cornell University Medical College 

* Succinate was used in these studies in concentrations which are considerably 
greater than those used in experiments with tissue homogenates and extracts in 
w hich succinate is added as a catalyst to aid m oxidation of other substrates ^hen 
succinate was added in “catalytic” concentrations (about one-tenth or less of the 
order of concentrations used here) to the tissue preparations under investigation, no 
catalytic effects on respiration could be elicited except in occasional experunents 
with kidney shoes 
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.sumption capable of mcieasmg the lates of the various metabohc processes 
studied Moieover, succinate competed successfully vith the noimal sub- 
strates of the tissues foi the decieased amounts of O 2 available at low O 2 
tensions, thus furthei reducing the lates of oxidation of those substrates 
As a consequence, the amount of useful oxidative energy available for the 
metabohc processes studied was actually reduced under the influence of 
sucemate, despite the over-all increase in 0- consumption These tn ulro 
results provide no suppoit foi the concept that sucemate might oveicome 
the metabohc deiangements in anoxic tissues dm mg circulatory shock 


EXPERIMLNT \.L 


General Methods — The tissues were obtained from dogs under sodium 
pentobarbital anesthesia, fiom cats undci ethei anesthesia, and from rab- 
bits and lats aftei stunning Cardiac muscle, hvei, and ladney cortex 
were prepaied as thin slices Skeletal muscle fibers were teased from the 
scalenus anticus muscle of the dog by the technique of Shorr (1), and sheets 
of smooth muscle were stiipped from dog small intestine Suspensions 
of cat biam cortex and whole rat biam weie made by choppmg the tissue 
mto fine pai tides with a razor blade Two incubation media were em- 
ployed Ringer-phosphate solution (m/75 POj, pH 7 35) w ith the conven- 
tional Barcroft-Waiburg manometne system, and Kiebs-bicaibonate solu- 
tion (2) with Summerson differential manometers (3) 

Sucemate wms added as the hexahydiated disodium salt and the concen- 
tration expressed m mg pei cent of succinic acid (44 mg per cent of succmic 
acid being equivalent to 100 mg per cent of hydiated salt) Gas nuxtiues 
contammg various concentrations of 0. and Nj were obtained from the 
Ohio Chemical Company 01 piepaied m oui laboratory by means of a capil- 
lary floivmeter The gas phase contamed 5 per cent CO 2 whenever ICrebs- 
bicarbonate solution was used All mcubations were carried out at 37 5 
Respiratory values and other metabohc data are given on the basis of wet 
weight The respiratory data represent averages usually of tiiphcate, 
occasionally of duplicate 01 quadruplicate, determinations 


Effect of Low O 2 Tensions and Sodium Succinate on O 2 Consumption ui 
Vitro — ^The effect of low O 2 tensions on oxygen consumption (QO 2 ) of va- 
rious mammalian tissues and the influence of sucemate on QO 2 of various 


^oxygen tensions are shown m representative experiments assembled m 
Table I Ringer-phosphate solution containing 100 or 200 mg per cent of 


glucose w'as used throughout Prior to incubation, the brain suspensions 
were washed m oxygenated Ringer’s solution for 5 minutes The other 


tissues were given a preliminary washing of from 10 to 20 minutes 
For all the tissues except brain the QO 2 in 20 per cent O 2 , m the absence 
of sucemate, wms 25 to 55 per cent low ei than m 100 per cent O 2 
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case of biain, tlie QO< ni 20 pei cent 0,. was not significantly lowei than m 
100 pel cent O 2 , piobibl}'’ beciuse of the small particle size of the brain 
suspension Addition of succinite, whethei at high 01 low O 3 tensions, 
invariably incieiscd the QO. It is of paiticulai inteiest that the QO 2 at 
certain reduced O.- tensions could be raised by the addition of sucemate to or 
above the contiol QO 2 111 100 pei cent 0 . Wlicie this has occuired in the 
expermicnts in Table I, it is indicated by figuies in bold-faced type 
A moie det iiled inalysis of the effects of sucemate on O 2 consumption 
and CO 2 pioduction is piesented in Table II In this typical expeiiment 
the respiratory exchange of cat biam coitex under the influence of sucemate 
v\as measured ovci the course of a 2 houi incubation m 100 per cent O 2 


TjVble I 

Effect of Low Oxygen Tensions and Sodium Succinate on Oxygen Consumption in Vitro 


Incubation for 1 hour at 37 5° m Ringer- m/TS PO 4 plus 100 or 200 mg per cent of 
glucose 



Succinic acid 
m medium 

QO (wet weight) 

Cat bram 
cortex 1 



liMSI 


ter cent 

Mg per cent 






100 

0 

0 62 

0 82 

0 63 

0 38 

2 42 


44 

0 81 

1 07 


0 60 


60 

0 


0 72 



2 07 


44 

1 

0 96 



3 16 

20 

0 

0 61 

0 46 

0 25 

0 28 

1 13 


44 

0 74 

0 70 

0 63 

0 44 

1 63 


88 


0 86 

0 73 


1 73 


132 


1 03 


0 54 

1 88 

10 

0 

0 50 

I 





44 

0 66 






Sucemate caused an over-all mciease m O 2 consumption of 19 per cent, 
however, there was at the same time a 12 per cent decrease m CO 2 produc- 
tion Moreover, the stimulation of the rate of O 2 consumption m the 
presence of sucemate was of a tiansitoiy character, persistmg only for 
about 90 mmutes, and the total e\tia O 2 consumption was even less than 
the theoretical amount needed to oxidize all of the sucemate present to 
fiimarate 

Table III summarizes the lesults of experiments similar to the experiment 
presented m detail in Table II With biam, liver, heart, and skeletal 
muscle, it was consistently observed that (1) the stimulation of O 2 consump- 
tion by sucemate at high O 2 tension was of a transitorj' nature, disappearmg 
after 60 to 105 minutes of mcubation, that (2) the total extra O 2 consumption 
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Table II 

EJJ'ect of Succinate on O 2 Consumption and COi Production of Suspension of Cal 

Brain Cortex 


Incubation at 37 5“ and 100 per cent Oa tension m Ringur- m/ 75 P0« plus 100 mg 
per cent of glucose, calculations based on net weight of tissue, 350 mg of tissue m 
3 cc of medium per vessel 



No succmicacid 

41 mg percent of succmic acid* 

i 

Time elapsed 

Total 0 
consumed 

Increment 
in 0] 

consumption 

Total COj 
produced 

Total Ox 
consumed 

Increment 
in Oi 

consumption 

Total COi 
produced 

mm 

1 

c mm per mg 

emm penng 

c mm per mg 


c mm per mg 

c mm per mg 

15 

mSm 

0 105 


wgjm 

0 165 


30 


0 125 



0 155 


45 

mSEM 

0 120 


■19 

0 155 


00 

0 465 : 

0 115 


0 615 

0 140 


75 

0 535 

0 120 


0 745 

0 130 


90 

0 095 

0 110 


0 S70 

0 125 


105 

0 810 

0 115 


0 990 

0 120 


120 

0 925 

0 115 

0 950 

1 10 

0 110 

0 840 


• Oxidation of all succinate present to fumarato would have required 0 35 c nun 
of O 2 per mg of tissue 


Table III 

Effect of Succinate on Oi Consumption and CO 3 Production at High 0: Tension 
Incubations in Ilinger-M/75 POj at 37 5° with and without succinate 100 per 
cent 0 in Experiments 1 to 10,00 per cent Ojin Experiment 11, 3 cc of medium per 
vessel , succinate concentration equivalent to 14 mg per cent of succinic acid, 100 
mg per cent of glucose in medium, except in E\pcnmonts 3, 4, and S 


Experiment 

No 

Tissue 

Wet 

weight of 
tissue per 
vessel 

Length of 
incubation 

Duration of 
increased 0: 
consump- 
tion 
^\lth 

succinate 

AOj* 

ACOit 



mg 

mtn 

mtn 

c mm 

c mm 

1 

Brain cortex (dog) 

350 

90 

75 

+57 

-11 

2 

Whole brain (rat) 

250 

90 

60 

+98 

-2 

3 

Liter (rat) 

250 

90 

75 

+57 

-10 

4 

Heart (dog) 

200 

120 

105 

+88 

-6 

5 

it t( 

250 

120 

90 

+98 


c 

Skeletal muscle (dog) 

330 

120 

105 

+107 


7 

Kidney cortex (dog) 

150 

60 

>60 

+141 


8 

“ “ (rabbit) 

200 

60 

>60 

+211 


9 

U H ti 

150 

75 

>75 

+164 


10 

“ “ (dog) 

100 

60 

>60 

+63 

-f-33 

11 

l( (( u 

100 

60 

>60 

+56 

+14 


♦“Extra” O 2 consumption in presence of succinate 125 c mm of Ojrequued te 


oxidize all succinate present to fumarate 

t Change in COj production in presence of succinate 
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was less than would have been lequired to oxidize all the succinate present 
to fumarate, and that (3) the CO 2 production, m those experiments in 
which it was determined, never increased m the piesence of sucemate and 
usually w as moderately depressed With kidney cortex, on the other hand, 
the stimulation of Oj consumption by succinate was well sustained through- 
out the periods ofmcubation, and, in those experunents m which the amount 
of tissue per vessel w'as sufficiently large, a greater extra 0. consumption 
occurred than could be accounted for by the one-step oxidation of succinate 
(Experiments 7, S, and 9, Table III) Moreover, w'lth kidney under high 
O 2 tension, sucemate produced an mcrease m CO 2 production (Experunents 
10 and 11) 


Table IV 

Effect of Succinate at Low O2 Tensions on Ot Consumption and COj Production 


Incubations for 1 hour at 37 5“ Ringer- m/75 phosphate in Experiments 1 to 4, 
Krebs bicarbonate in Experiment 5 


E^periraent 

No 

Tissue 

Ot in 
g 2 i phase 

Succinic acid 
m medium 

QO 1 (wet 
weight) 

OCOj (wet 
weight) 



ter cent 

ms per cent 



1 

Liver (rat) 

20 

0 

0 39 

0 29 



20 

88 

0 85 


2 

Brain “ 

10 

0 

0 70 

0 66 



10 

88 

0 84 


3 

Smooth muscle (dog) 

20 

0 

0 16 

0 IS 



20 

88 

0 35 

0 11 

4 

Kidney cortex “ 

20 

0 

0 88 

0 66 



20 

88 

1 13 

0 41 

5 

Heart (dog) 

23 

0 

0 25 

0 18 



23 

88 

0 77 

' 0 10 

* 







Compehtion between Succinate and Normal Substrates at Reduced O 2 
Tensions — At reduced O 2 tensions the mcreased QO 2 mduced by sucemate 
^as consistently accompanied by a decreased QCO 2 This effect is shoivn 
in Table IV, as well as m Tables VII, IX, and X In the experiments m 
Table IV the decreases m QCO 2 were 31, 14, 39, 38, and 44 per cent re- 
spectively for hver, bram, smooth muscle, kidney, and heart This effect 
IS believed to result from the competition between sucemate and normal 
substrates for the reduced amounts of O 2 m the tissues at low O 2 tensions 
If the sucemate is oxidized for the most part onlj'" as far as fumarate and 
competitively reduces the availability of O 2 for the oxidation of normal 
substrates which give rise to CO 2 , a decrease in CO 2 production would occur 
Although the extra O 2 consumption at low O 2 tensions mdicates that 
more energy is bemg released m the presence of sucemate than m 
sence, the question anses as to whether this extra energy is u^ 
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eneigy-requiiing metabolic pioce&ses The e\penments to be described 
were designed to answei this question 
Acetylcholine Foimalion in Biain — ^Fiesh rat bi un, aftei being placed in 
Warburg vessels vith Ringer-phosphate solution containing 100 mg per 
cent of glucose, vas cquihbiated foi 15 imnutes m the Waiburg bath 
Eserme sulfate (1 4000) was then added fiom the side sacs and the control 
vessels immediately removed foi analysis Rcspnation was allowed to 
continue foi 1 oi 2 houis in the incubation vessels Extraction of acetyl- 
choline from the tissue and medium was earned out by the method of 
Nachmansohn and hlachado (4) The method of assay was that of Chang 
and Gaddum (o), in whicli contiaction ot fiog rectuis abdominis is used 

Tvnci V 

BjJ'cct of Low 0; Tension and Added Succinate on 0 Consittnpiion and Acetylcholine 

Production of Rat Brain 


Incubation at 37 5° in llingcr' m /75 PO 4 plus 100 mg per cent of glucose 


Experiment No 

LcngUi of 1 
incubation 

1 

0 , m gas phase j 

Succmic acul 
in medium 

00, (net tteigbt) 

Acctylcboline 

prcmuctioQ 


hrs 

1 

per ecnl \ 

ms per cent 


y per IB 

1 

2 

100 


1 00 

6 4 


1 

5 i 


0 67 

5 2 



5 

132 

0 82 

4 8 

2 

1 ; 

100 i 

1 

1 17 

4 4 

1 


5 


0 77 

2 9 



5 

132 

0 S9 

2 2 

3 , 

1 1 

100 


0 82 

4 0 



5 


0 60 

3 0 



‘ 5 

170 

0 86 

1 4 

4 

1 

100 


1 24 

7 4 



’ 5 


0 67 

4 4 



1 f: 

1 ® 

176 

0 77 

3 0 


The results of fom expeiiments aie given m Table V In older to obtain 
the desired amount of reduction m QOi of mmced lat biain, it w as necessary 
to leduce the O 2 tension to 5 pei cent A deciease in acetylchohne pio- 
duction alw ays accompamed the decrease m QO 2 at this low tension Al- 
though sucemate mcieased QO 2 at the low O 2 tension by 15 to 27 pei cent, 
it failed to mciease, and actually depiessed acetylcholme synthesis by S to 
32 pel cent These lesults are in agieement wath those of Mann ei al 
(6) as to the meffectiveness of sucemate oxidation as a souice of energy fo^ 
the ssmthesis of acetylcholme by biam tissue in mho at higher O 2 tensions 
Urea Formation in Liver — ^Urea production m lat and dog liver shces was 
investigated by the method of ICrebs and Henseleit (2) The incubations 
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^\erc tamed out la Suinincibou difTcieutial manometeis (3) aftei a 15 
irnnutc equilibiation period The gas phase consisted of 5 per cent CO 2 
and various percentages of 0; and Nj Measuiements were made of O 2 
consumption, CO 2 pioduction, and acid and uiea formation Urea was 
detemimed manometiieally (2) m the same differential manometeis m 
which lespnatiou was measured The values m Tables VI and VII give 
the amounts of urea formed dining the peiiod of mcubation followmg the 
mitial equilibiation 

The expeimients in Table VI show a marked decrease m uiea production 
to accompany the decre ise in 0, consumption at low O 2 tensions In Ev- 


Tvble VI 

Effect of Low Oi Tciision on O2 Consumption and Uiea Synthesis of Liver Slices 


Incubation at 37 5° for 1 hour in Krebs-bicarbonate solution containing 75 mg 
per cent of NH,C1, 100 mg per cent of glucose in Experiments 4 to 9 Gas phase, 
0., N , and 5 per cent CO; Experiment 1 with dog liver, remainder with rat liver 


Experunent 

95 per cent Os 

47 per cent Os 

20 to 23 per cent Os* 

No 

QO 


QO, 

Urea 

QO, 

Urea 


(wet weight) 

synthesis 

(wet weight) 

syotbesis 

(wet weight) 

synthesis 



per sm 


mg per gm 


mg per gm 



per hr 


per hr 


per hr 

1 

0 90 

0 89 



0 38 

0 33 

2 

1 61 

0 58 



0 60 

0 20 

3 

1 01 

0 53 


' 

0 41 

0 18 

4 

1 70 

0 94 

1 38 

0 41 

0 63 

0 09 

5 

1 54 

0 71 

0 95 

0 42 

0 58 

0 15 

6 

1 05 

0 79 

0 93 

0 30 

0 47 

0 

7 

1 23 

0 90 

0 77 

0 46 

0 31 

0 20 

S 

1 58 

0 92 

1 12 

0 47 

0 59 

0 09 

9 

1 20 

0 93 

1 13 

0 34 

0 68 

0 


* Experiments 1 to 3 with 20 per cent 0; and Experiments 4 to 9 with 23 per cent 0. 


penments 1, 2, 3, and 7 the deciease m uiea pioduction was loughly pio- 
portional to the decrease m QO 2 In the other expeiiments the percentage 
deciease in uiea pioduction at low O 2 tensions was much greater than the 
percentage deciease m QO 2 Indeed, m Expeiiments 6 and 9, uiea syn- 
thesis was abolished in 23 pei cent O 2 , wheieas the QO 2 decreased only about 
50 pel cent below' that in 95 pei cent O 2 The fact that the uiea S 3 ’ti thesis 
sometimes detieased to a much gieatei extent than the 0> consumption 
may indicate that the synthesis of uiea is coupled with ceitain specific 
oxidations which weie deci eased to a gieatei extent than over-all O 2 con- 
sumption at low' O 2 tensions 

Table VII show's the effect of succinate on the lespiiation and uiea pio- 
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duction of liver slices at low O2 tension It is of some mterest that the R Q 
m 20 per cent Oj m the absence of succmate w as alw ays significantly higher 
than m 95 per cent 0; The addition of succinate at 20 per cent 0, tension 
sigmficantly mcieased the QO 2 (06, 37, and 14 pei cent) However, no 
elevation of uiea synthesis occurred, but actually a furthei reduction (—42, 
—45, and —55 per cent) Table VI also show's the concomitant decrease 
m CO2 production m the presence of succmate 
Deammalion m Kulncy — Dog kidney slices were incubated m a Rmgci- 
phosphate medium containing l- or DL-phenylalanmc A comparison waa 
made of Oj consumption and deamination, as measuied b}' ammonia pro- 
duction, durmg 1 hour mcubations in 100 and 20 per cent 0;, with and 
without succmate Total ammonia (free ammonia and amide ammonia) 

Taull VII 


EJfect oj Euccinaie on Respiration and Urea Formation of Lner Slices 
at Low Oi Tensions 

Incubation at 37 5° in Krebs-bicarbonatc solution \\ ith 75 nig per cent of IdliCl 


Espenment 

No 

Animal 

Oi m 

Sss phase 

Succinic 
acid m 
medium 

OOi 

(net 

-leifiht) 

OCO, 

(Met 

weight) 

X Q 

Urea 

synlhciiJ 



per cent 

mg percent 

M 

■1 

■1 


1 

Dog 

95 

0 

mmm 

mBm 

mm 




20 

0 

■19 


BIB 

mam 



20 

88 





2 

Kat 

95 

0 

1 01 

1 10 

0 cs 

0 58 



20 

0 

0 CO 

0 13 

0 72 

0 20 



20 

44 

0 82 

0 28 

0 34 

0 11 

3 

tt 

95 

0 

1 01 

0 44 

0 14 

0 53 



20 

0 

0 41 

0 32 

0 78 

0 18 



20 

44 

0 59 

0 10 

0 17 

0 OS 








— 


w'as determmed on samples before and after incubation as follows The 
tissue and medium fiom a Waiburg vessel vveie mixed with 10 cc of 5 per 
cent tiichloioacetic acid To 5 cc of the trichloioacetic acid filtiate was 
added 1 cc of 10 pei cent H2SO4, and the solution heated foi 10 minutes ui a 
boiling watei bath to hydiolyze an> amides The munonia was then 
collected by the method of Conway and Byine (7), and detennmed colori- 
inetiically wath Nesslei’s reagent (8) 

In all three expermients m Table 'ITII, a signihcant fall m deamination 
accompanied the fall in QO> w'hen 0* tension w as reduced to 20 per cent 
Addition of succmate at the lowr O2 tension mcieased QO2 by 79, 28, and 10 
per cent m Experunents 1, 2, and 3 respectively These mcreases were 
accompamed m Kxpermaents 1 and 2 by a further decrease (—23 per cen 
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and —22 per cent) in the rate of deamination, m Experiment 3, m which the 
smallest mcreaso in QO 2 occuried with succinate, tnere was no significant 
change in the amount of deamination The decrease in deamination Avith 
added succmate m the first tMo experiments is piobably due to a competi- 
tion foi Oj between the deamination enzyme systems and the succimc 
oxidase system 

Phospliorijlalion tn Caidiac Muscle — Phosphate tiansfer m slices of dog 
cardiac muscle w as studied at 100 and 20 pei cent O 2 tension by methods 
previously developed m this laboratoiy (9) The slices weie fiist equili- 
brated foi 20 minutes at 37 5° in a Ringer-phosphate medium Radio- 

Table VIII 


Effect of Low Oxygen Tension and Succinate on Ammonia Formation of 
Dog Kidney Slices 

Incubation at 37 5° for 1 hour in Ringer- m/75 P04 plus 0 01 m phenylalanine 


Experiment No 

0] in gas phase 

Surcinic and 
m medium 

QO 2 (wet weight) 

Ammonia 

production* 


litr cert 

mg percent 


y jV per gm per hr 

It 

100 


1 56 

205 


20 


0 77 1 

102 


20 

88 

1 38 

1 79 

2t 

100 


1 70 

315 


20 



184 


20 

88 

1 1 13 

143 

3t 

100 


2 17 

378 


20 


1 15 

142 



20 

88 

1 26 

141 


* Ammonia N also includes ammonia converted to amide during the period of 

incubation 

t n Phenyl alamne present 
t dl Phenylalamne present 

active phosphorus was added as inorganic phosphate and the mcubation 
continued for 10 minutes The tissues were then chilled and extracellular 
iQorgamc phosphate was separated by the washmg techmque previouslj’’ 
described Analyses were made of the concentrations of morganic phos- 
phate, labile phosphate of adenyl pyrophosphate (APP), and creatine 
phosphate (CP), as well as of the radioactivity of each fraction Respira- 
toiy measurements were carried out m Warburg vessels simultaneously 
With the incubation with radioactive phosphate 
The results of tw o experiments are summarized m Table IX The QOi 
of cardiac muscle was reduced by 48 and 42 per cent m these experiments 
when O 2 tension was reduced from 100 to 20 per cent Addition of 88 mg 
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pel cent of succinate at the lowei tension increased the QOs above that 
found in 100 pei cent O 2 The stunulation of O 2 consumption by succinate 
was accompanied by a significant dcciease m CO> pioduction in the experi- 
ment in which this was measuied >Vt 20 pei cent O 2 theie nas a considei- 
able leduction m the concentiation of CP and the labile phosphate of the 
APP fraction The addition of succinate at 20 pei cent O 2 led to a further 
significant leduction in the concentiation of both CP and APP, despite the 
marked enhancement of O 2 consumption 
The changes in concentiation of CP and the labile phosphate of APP ue 
indicative of a reduction in the late of synthesis of these high eneigy organic 
phosphates at 20 pei cent as compiled with 100 per cent O 2 , and a still 

Tiulc IX. 

Ejjecl of Low Oxygen Tension and Succinate on Phosphate Concenlvalions 
and Radioactive Phosphate Transfer m Slices of Dog Cardiac Muscle 


Incubation at 37 5“ in Rmgcr- m/75 PO* Incubation with radioactive POj for 
10 minutes Incubation for rcspir itorj data fori hour All specific activities gi\oa 
relative to the specific activity of tbc intracellular inorganic phosphate taken as 100 


Oiin 

Succinic nci<i 

Respiration I 

1 

\ 

1 CrtaliQL phosphate 

Labile phosphate o( 
adenj 1 p> ropnosphalc 

gas phase 

; in medium 

1 

QQi 

(\set weight) 

oco, 

(wet Weight) 

Concentra 
tion ^ 

Relative 

specific 

aclisity 

Conccntri- 

UOD 

Rclativ e 
speafic 
acUMO 

fir cent 

m 

per cent 


1 i 

<I'S i 

per cent P \ 

1 

rtS „ 
per cent P 


100 

0 

0 69 

0 60 1 

15 7 

48 0 

12 7 

21 2 

20 

0 1 

0 30 

0 30 i 

6 1 

j 55 0 

5 9 

30 2 

20 1 

88 

0 70 

0 19 1 

2 2 

45 5 

4 2 

32 1 

100 

0 1 

0 76 


28 3 

52 2 

10 9 

35 2 

20 

0 

0 44 1 

1 

13 6 

1 42 6 

9 0 

19 6 

20 j 

ss 

1 00 

! 

3 3 

83 0 

7 0 

23 3 


further 1 eduction m the presence of sucemate at 20 per cent O 2 The 
radioactive phosphate deteimmations beai out tins mfeience In inter- 
pietmg the radioactivity data it is necessaiy to considei not only the specific 
activities but also the total activities of the phosphate fractions mto which 
radioactive phosphate was introduced Poi instance, m the second ex- 
peiiment the lelative specific activities of the CP and labile phosphate of 
APP were greater with sucemate than m its absence However , the relative 
total activities (relative total activity = concentiation X lelative specific 
activity) of these lugh eneigy phosphates m 20 per cent O 2 were decidedly 
lower m the piesence of sucemate On this basis of lelative total activity, 
the data in Table VIII quabtatively mdicate a slowei rate of synthesis 0 
high eneigy phosphates at 20 per cent than at 100 per cent O 2 , and an even 
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slow Cl late of syutliesis at 20 pei cent O3 in the piesence of succinate than 
in its absence 

Ihe values guen in Table IX toi the specific activity of the intracellular 
morgmic phosphate 1 dative to those of CP and APP aie probably some- 
what low Cl than the tiue whies foi the follow^ing reasons After a 10 
minute incub itiou the specific radioactivities of CP and the labile phosphate 
of APP aie lowei thin that of the intiacellulai moiganic phosphate Dur- 
ing the washing at 2° to lemove the extiacellulai inorganic phosphate, 
there is some hydiolysis of these organic fiactions to morgamc phosphate 
(9), w'hich seiwes to dilute the specific activity of the oiigmal mtracellular 
inorganic phosphate A smiilai situation for in vivo evpeiiments with 
radioactive phosphate has been discussed by Kalckar et al (10) 

Tcble X 

Ejfccl of Low 0; Tension and Succinate on Respiration and Concentration of Creatine 
Phosphate and Adcnyl Pyrophosphate of Intestinal Smooth Musele 
Incubation at 37 5° for 1 hour m Ringer- m/TS PO 4 plus 200 nig per cent of glucose 



Succmic acid 
iQ medium 

QQt 

(wet weight) 

QCO, 

(wet weight) 

Creatme 

phosphate 

Labile phosphate 
of adenvl 
pyrophosphate 

per cent 

ms per cent 



ms per cent P 

mg per cent P 

100 

0 



1 92 

3 38 

20 

0 



1 52 

3 31 

20 

88 



0 78 

2 34 

100 

0 

0 32 


2 14 

6 94 

20 

0 

0 13 


1 17 

4 64 

20 

88 

0 49 

1 


0 86 

3 00 


The values for the specific activity of cieatme phosphate m 20 per cent 

00 in the presence of succmate aie likely to be less accmate than the other 
values m Table IX This is a consequence of the low concentration of that 
fraction and the correction foi the precipitation of about 1 per cent m- 
organic phosphate along with cieatme phosphate m the method used (9) 

Phosfthorylalwn in Intestinal Smooth Muscle — ^The twm experiments 
reported in Table X show the effect of low' O2 tension and succmate on the 
respiration and concentiations of the creatme phosphate and labile phos- 
phate of adenyl pyiophosphate of dog mtestmal smooth muscle durmg a 

1 houi mcubation The leduction of O2 tension from 100 to 20 per cent 
decreased O2 consumption by 48 and 69 per cent m the two experiments, 
and also caused significant reductions m the concentrations of CP and labile 
phosphate of the APP Addition of sodium succmate at the low er O2 tension 
mcieased O2 consumption markedly However, as m the case of cardiac 
rauscle, succmate caused still further decreases m the concentrations of CP 
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and the labile phosphate of APP of the smooth muscle The mability of 
succinate oxidation to increase high energy phosphate resynthesis in dog 
intestinal smooth muscle is m accord with the previous report from our 
laboiatory (11) that succinate does not serve as an energy-yielding sub- 
strate for the mamtenance of ihythmic contractions of rabbit mtestmal 
smooth muscle 


DISCUSSION 


The experiments leported here demonstrate that succinate is indeed 
capable of increasing the ox'ygen consumption of a variety of tissues m vitro 
at low oxygen tensions Howevei , it is very evident that the energy pro- 
vided by the oxidation of succinate cannot be used for the mamtenance of 
any of the important energy-requiring metabolic processes which we have 
studied (acetylcholine synthesis m brain, urea synthesis m liver, and phos- 
phorylations m cardiac muscle and mtestmal smooth muscle) Indeed, 
these metabolic piocesses are actually decreased m the presence of succinate 
below the control values at low Oo tensions On the basis of these tri vitro 
experiments it would not seem Id^ely that succinate w’ould exert a collective 
mfiuence in circulatory shock, smce its oxidation wmuld not mciease, and 
might possibly decrease, the rates of energy-requiring metabolic processes 
m tissues leceivmg inadequate supplies of 0> The apparent usefulness 
of sodium succinate m the treatment of experimental shock m animals (13, 
13) has lecently been ascribed to the allvalizmg effect of the sodium ion 
lathei than to a metabolic effect of the succmate ion, smce sodium bicar- 
bonate proved equally effective (14) 

In addition to the relevance of these tn vUio experiments to succmate 
therapy m circulatory shock, they are also pertment to a consideration of 
the role of succmate m intermediary metabolism The first pomt of interest 
is the extent to which succmate m substrate quantities is oxidized m the 
seveial tissues studied In an earlier investigation Quastel and ^VheatIey 
(15, 16) showed by chemical analysis that the end-products of succmate 
oxidation by minced brain and siveletal muscle were fumaiate and malate 
Moie recently Elliott and coworkeis (17, 18) concluded on the basis of 
lespiiatoiy and other data that bram slices, liver slices, and testes tn vilvo 
oxidized succmate for the most part only as far as fumarate, but that ludney 
cortex shoes oxidized succmate m large part to CO 2 and HoO The lespiW' 
toiy data of the present study are in agi cement with the results of Quaste 
and Wheatley and Elliott and coworkers In the case of all the tissues 
investigated, except kidney, the respiratory data at high oxygen tensions 
indicate that very httle, if any, of the added succmate was oxidized beyon 


fumarate 

Another observation of mterest is 


furnished by the regularity with which 
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stimulation of O 2 consumption by succinate at low O 2 tensions was ac- 
companied by a depression of CO 2 production This we have ascribed to a 
successful competition by succinate for the leduced amounts of oxygen 
available for tissue oxidations at low oxygen tensions, with a resulting 
reduction in the extent to i\hich nonnal substrates are oxidized The 
evidence for this 13 indirect, and is based on the assumption that the same 
mexture of foodstuffs is being oxidized in the piesence and absence of suc- 
cmate, thus yieldmg the same n Q undei both circumstances More direct 
evidence for such a competition is provided by the obseivations on the 
reduced deamination of phenylalanme by kidney at low O 2 tensions m the 
presence of succinate This deamination lequiies O 2 , hence its reduction 
suggests the reduced availability of O. m the piesence of succmate 

Further evidence that the reduction of CO 2 at low tensions m the pres- 
ence of succmate is due to the 1 eduction in the amount of normal sub- 
strates being oxidized is furnished by the expeiiments m which the rates of 
various eneigy-iequiring metabolic processes were depressed by the addi- 
tion of succinate at low O 2 tensions The validity of this evidence is 
dependent upon the assumption that the rates of energy-requiiing metabolic 
processes are dependent on the rates of oxidation of normal substrates 

It IS of particular mteiest that these depressions m energy-requirmg 
metabolic processes occuried despite significant increases m over-all oxida- 
tive energy resulting fiom the addition of succmate It is suggested that 
the portion of the oxidative energy contributed by added succmate differs 
from that furnished by normal substrate oxidation, m that it is either totally 
or almost completely unavadable for “useful” work The one situation 
m which this mference can be dealt with m semiquantitative fashion is found 
m the experiments on phosphorylation m cardiac and smooth muscle 
These experiments may be considered m the light of the available evidence 
as to the couplmg of high energy phosphate formation with the oxidation 
of succinate to fumarate 

Expeiiments with tissue extracts by Belitzer and Tsibakowa (19), Ochoa 
(20), Colowick et al (21, 22), and Potter (23) indicate that such a couplmg 
oaay occur The results of Ochoa suggest that there may be one high 
energy phosphate group formed for each molecule of succmate oxidized 
Hoivever, from the data m Tables IX and X, it is apparent that, if such 
coupling takes place m mtact caidiac and smooth muscle, the number of 
phosphorylations per oxidation is much below the 1 1 ratio postulated 
For example, m the fiist experiment with smooth muscle m Table X, the 
decrease m the O 2 consumption of normal substrates m the presence of 
succmate at 20 per cent O 2 tension can be estimated to be about 0 03 cc 
per gm per hour on the basis of the decrease m QCO 2 (assuming that no CO 2 
13 hberated by the succmate oxidation) At the same tune, the mcrease m 
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O 2 consumption due to the o\idation of added succinate may be estimated 
to be about 0 12 cc per gm pei hour {QQ 2 ^\lth succmate minus QOj 
without succinate + 0 03) On the basis of a 1 1 ratio foi phosphorylation 
coupled with o\idation of succmate and a 3 1 latio of phosphoiylation per 
oxygen atom used in oxidizmg noimal substiates (19, 21), an increase in the 
rate of phosphorylation would have been pieclictcd Actually, the cieatme 
phosphate and adenyl pyiophosphate conccntiations indicate that the rate 
of phosphorylation was markedly decieased m the piesence of succmate 

The experiments on phosphorylation in cardiac muscle with ladioactive 
phosphate are also of inteicstuith lespect to the mannei mivhich inorganic 
phosphate passes from the exti acellular into the mtiacellulai phase In a 
previous papei fiomthis laboiatoiy (9) itwasiepoitcdthat in cardiac muscle 
shces incubated at 37 5° foi 30 minutes 01 more \\ ith radioactive phosphate, 
the specific activities of the phosphate of cicatine phosphate and of the 
termmal phosphate of adenosine tiiphosphate attained the same level as the 
specific activity of the mtiacellulai moigamc phosphate In the piesent in- 
vestigation, the reduction of the mcubation penod to 10 minutes resulted 
m decidedly higher specific activity for the mtiacellulai moigamc phosphate 
than for creatme phosphate and the labile phosphate of adenyl pyrophos- 
phate Appaiently the mcubation time was too short foi the phosphoiyla- 
tion cycle to bring the specific actuity of the cieatme phosphate and labile 
.phosphate of the adenyl pyrophosphate to the specific activity level of the 
rntracellulai moigamc phosphate This differential m specific activities is 
further evidence against the concept that moigamc phosphate is ti ansported 
across the cell boundary by first bemg incoipoiated into cieatme phosphate 
or adenyl pyrophosphate 

We xvish to aclmowledge the technical assistance of Mathilda Fischl 
Goldsmith 


SUMALVm 

1 Significant depressions m the rates of Oj consumption of viable preP' 
arations of various mammalian tissues zn vitro occurred under conditions 
of low O 2 tension The depressions m rates of 0> consumption w'eie ac- 
companied by corresponding depressions in the lates of a vaiiety of meta- 
bolic processes, such as 111 ea synthesis m livei slices, acetylcholmc synthesis 
in bram suspension, deamination in kidney slices, and phosphoiylation 
cardiac muscle shces and smooth muscle stiips 

2 An exploration was made of the possible usefulness of sodium succina e 
m overcommg these depressions m metabolic lates under conditions 0 
low O 2 tension 
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3 SucciUiite, 111 substrate quantities (14 mg pei cent oi more m terms of 
succinic acid), was capable of maikedly increasing the rates of Oo consump- 
tion of all the tissues studied heie, at reduced O 2 tensions as well as in 
100 per cent O 2 

4 The energy from e\tia oxygen consumption m the presence of suc- 
cinate, however, wis found to be incapable of increasmg the lates of meta- 
bolic processes depiessed under conditions of low O 2 tension Indeed, m 
the presence of an increased O 2 consumption produced by succmate, the 
lates of the metabolic processes studied weie even further depressed 

5 The respiratory data have been interpreted as mdicatmg that m these 
experiments succmate was oxidized for the most part only to fumaiate 
At low O 2 tensions, the succmate competed with normal substrates foi the 
lunitedconcentiation of O 2 present, and thus fui ther depressed the rates of 
oxidation of normal substrates As a result, the lates of metabolic proc- 
esses, dependent for energy on the oxidation of normal substrates, were 
further depressed in the presence of succinate at low O 2 tensions 
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A bYNTIIESIS OF ALLUCIIOLLSTFllOL 'U\]) 
EPI VLLOCIIOLESTEROL+ 


HERBERT AfcKENNIS, Jn , and GEORGE W GAFFNEY 

{From the Department of Physiological Chemistry, The Johns Ilophins Umverstbj, 
School of Medicine, Baltimore) 

(Rcccned for publication, Apiil 14, 1948) 

Bj" 'ipphcition of a iMeeiwcin-Ponndoif leduttion, Schoenheimei and 
Evans (1, 2) obtained fiom 3-A^-cIiolestenone a moleculai compound of 
allocholestei ol and epnllodiolesteiol These voikeis sepaiated these 
diasteieoisoineis by use of digitonm and demonstiated that the “allo- 
cholestei oP’ of Windaus (3) was m fact a moleculai compound of allo- 
cholestei ol and cholesteiol Latei Eck and Hollmgswoith (4) show^ed that 
three isomeiic cholestadienes, A- •*-, A^ A' ®-, upon tieatment wath 
hydiogen chloride and subsec[uent contact w ith aluminum oxide, yielded the 
allo-epiallocholesteiol moleculai compound The low 3uelds m this lattei 
sj'nthesis, howevei, do not at piesent lead to geneial use of this interesting 
leaction foi the piepaiation of allocholestei ol 
Although Stoll (5) lepoited that allocholestei ol occuis natuially and can 
e sepaiated fiom cholesteiol by viitue of the insolubility in ethei of a com- 
plex between pyiidme and allocholestei yl p-toluenesulfonate, he was able 
to obtain only tiaces of the substance fiom bde stones, livei, biain, and egg 
yolk The lesults of othei woikers (6-8) show quite conclusively that 
0 ocholesteiol and epiallocholestei ol can only be piesent in v^eiy low con- 
centiation This militates against the isolation of anj'- but small amounts 
lom customaiy natural souices 

Recently Nystiom and Biowm (9) have lepoited a veiy elegant method 
or reducing caibonyl and othei — C=0 groups to the coiiespondmg 
0 cohol by means of lithium aluminum hychide (10-12) Although then 
paper (9) stated that caibon to carbon double bonds m ceitam unsaturated 
etones aie reduced by this leagent, it seemed to us that 3-A'‘-cho- 
estenone wmuld, wEen pioperly treated wuth lithium aluminum hydiide, 
yield allocholesterol and epiallocholestei ol 
It was found m oui study that the pioduct fiom the leaction of cho- 
estenone and lithium aluminum hydiide m absolute ethei is composed of 
allocholestei ol and epiallocholestei ol This muxTure, wluch w'as chai- 
acteiized by a quantitative conveision to A^ ^-cholestadiene (1), was 
obtained even w hen the ketone w as tieated v ith lithium aluminum h} dude 
in 5-fold excess ovei that amount calculated to effect reduction of the 

* Aided by a grant from the John and Mary R Markle Foundation 
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ALLOCHOLESTEROIj ^vnb epialeocholesteroe 


nucleai double bond Upon ti eatment w ith digitonm the mixture afforded 
allocholesterol and epiallocholesteiol m approximately equal amounts and 
would, theiefoie, appeal ta consist of equal paits of the two expected 
diasteieoisomeis The yield of mixed isomers w as quantitative Since the 
amount of mixed isomeis lepoited foi the Mcci w em-Ponndorf i eduction of 
the ketone is 52 pei cent of the calculated amount, the piesent method 
appears to be superioi in regaid to yield as well as to convemence and 
economy of time 


EXPLRIMLNTAE 

Reduction of Choleslcnone with Lithium Aluminum Hydride — solution of 
0 500 gm of cholestenone in 40 cc of absolute ethei was dropped slowly 
(20 minutes) with agitation into an excess of lithium aluminum hydnde m 
100 cc of absolute ethei Theie was a slight evolution of heat, and the 
ethei refluxed peiceptiblj' into the condenser wdiich was piotected from the 
atmospheie by a soda lime tube The excess of lithium alummimi hydnde 
was decomposed by the addition of acetone, which obviated the production 
of nascent hydiogen An additional 100 cc of ether seived to keep the 
alcoholates m suspension The mixtuic was then tieated with 100 cc of 

3 N NaOH, and the ethei solution was washed several times with fresh 
portions of base After drying ovei anhych ous sodium sulfate, the ether 
solution w'as evapoiated to dijTiess undei diminished pressine at room 
tempeiatuie The residue of mixed epmieis, which weighed 0 500 gm, 
melted over a range in the vicinity of 100° 

Cholestadiene fi om Reduction Pi oduct — 100 mg of mixed epimers in 30 cc 
of 95 per cent alcohol w^eie filtered to remove a trace of insoluble material 

4 drops of concentrated hydiochloiic acid w'ere added The muxture was 
lefluxed for 4 houis It was then cooled and diluted cautiously wath w'ater 
until precipitation was completed The product was collected aftei the 
mixture had remained overnight in the i cfi igei atoi The yield of colorless 
needles, m p 79°, was 95 mg , [«]“ = —104°, c = 2 00 m benzene The 
specific lotation and melting point aie m agiecment w'lth the recoide 
values (1) foi ^-cholestadiene ‘ Foi analj^sis" a sample wms recrys 
tallized seveial times fiom ethanol 

CstHjs (308 6) Calculated C 87 96, H 12 04 
Found “ 87 81, “ 12 14 

“ 87 75, “ 12 07 

1 Although the compound obtained by treating allocholesterol and epialloeholes^ 
terol with dilute alcoholic HCl was originally described (1) as A ’ ^-cholestadiene, 
available evidence (1, 13, 14) indicates that the product is a ’ ^-cholestadiene 

> Microanalyses by Dr G Oppenheimer, California Institute of Techno 
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Molccula) Compound of illodioLslci ol and Epiallocholesterol f win Reduc- 
tion Pwducl A sample of leduction pioduct was ieci 3 'Stallized several 
tunes fiom icetone and finally from acetone-ether The coloiless needles 
melted at 1 11° The iccoidcd \ allies are 141° (1) and 140-141° (4) , = 

+80 3 , c = 1 20 m caibon tetiathloiide EcL and Hollmgswoith (4) le- 
ported fajo^ = -fS5 0°, c = 1 2o m caibon tetiachloiide 

Isolation of Allocholcstei ol — 250 mg of mixed epimers were dissolved m 
25 cc of absolute ethanol To this solution nas added a solution® pre- 
pared bj’- adding 10 cc of absolute ethanol to a shiny of 500 mg of digitomn 
and 10 cc of distilled watei A piecipitate foimed immediately The 
mixture was allowed to stand oveimght and then was filtered The 
collected digitomde nas washed with absolute ethei and then extiacted for 
20 horns wath absolute ethei The digitomde wms then allowed to dissolve 
m 15 cc of dry pjTidme The cleai pyridine solution was tieated with 
100 ml of absolute ethei The precipitated digitomn was collected by 
centrifugation, filtration being impossible, and then washed with additional 
quantities of ether The combined mother and wash liquois fiom the 
digitomn were then concentiated to dryness m vacuo at room temperature 
The residue of allocholesteiol melted at 131-132°, m agieement with re- 
coided values (1, 4), [a]^ = -f44°, c = 1 08 in benzene The yield was 
110 mg , or 44 per cent of the weight of mixed epuneis Recrystalhzation 
fiom alcohol-watei seived to lower the melting pomt by several degiees 
In this connection, it is interesting to note that Schoenheimer and Evans (1) 
suggested that the compound is easily solvated and leported that it gave 
unsatisfactory analytical figures on combustion 

Allocholesteryl Acetate — ^A sample of the allocholesteiol after treatment 
mth pyiidine and acetic anhydride (1) yielded crystals melting at 85°, in 
ngreement wath the lecorded value foi the acetate 

Isolation of Epiallocholestei ol — The combined mother and wash hquors 
from the preparation of aUocholesterol digitomde were concentrated to 
dryness under dimimshed piessure at 30-35° (1) The ciystalhne residue 
was dissolved m the ethei solution obtained fiom the extraction of the 
digitomde The solution was filtei ed through a pledget of cotton to remove 
^ tiace of colloidal digitomn Upon evapoiation of the ether solution 
110 nig of crude epiallocholestei ol, mp 80—82°, were obtained The 
product at this pomt tends to be oily (1) unless carefully purified choleste- 
uone is used in the i eduction 

^'Cholestadiene fwm Allocholesteiol and fwin Epiallocholestewl 

’ The presence of a few undissolved particles does not interfere with the sepa- 
ration The procedure is essentially that of Schoenheimer and Evans (1) , with some 
modification apparently made necessary by the uncertain composition of commercial 
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100 mg of epiallocholc'btciiol (above) ’\scic fcicated with dilute alcoholic 
IICl accoiding to the geneial pioccduie The jield of ^-cholestadicnc, 
m p 79°, ■w IS 91 mg The mcllmg point was not depiCbsed bj" adimxtiue 
•with authentic mateiial The allocliolestei ol yielded cholestadiene in 
quantitative yield undei the same conditions 

SUMAIARY 

Fiom the i eduction of cholestenonc with lithium aluminum hydiide in 
absolute ethei theie was obtained a quantitative yield of a nuxture con- 
taimng allocliolestei ol and epnllocholestei ol in approximately equal 
amoimts 

The authois me giateful to Di Aithui St Andi6andDi C R Scholz, 
Ciba Phaimaceutical Pioducts, Inc , for supplies of cholestenonc 
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THE DEPOSITION OF TTIIENOIC FA'Tl’Y ACIDS IN THE FATS 
OF THE PIG AND THE RAT* 

Bi B W BEVDLL, O 11 M WILDER, vnd H R KRAYBILL 
(/'row Ihc hncrican Meal Inalilulc Foundalion, Umveraily of Chicago, Chicago) 

(Received for publication, March 17, 1948) 

It has long been know n that the composition of the depot fat of an animal 
may be altcicd maikcdly by the food fat Accoidmg to Burr and Baines 
(1), the appeaiance of dietaiy fat m milk was obseiwed by Stolnnann in 
1S69 (2) and in bod 3 '’ fat by Lebedeff in 1882 (3) Detailed studies of these 
effects weie made by a numbei of woikeis, notable among w^hom aie Ellis 
and coworkeis (4-7), Jackson (8), Shoiland and De la Mare (9), and Blown 
and cowoikeis (10-14) Much of this woik was done on the hog, because 
of the economic disadvantages of soft bacon and othei soft poik, but a 
numbei of woikeis (10-10) pointed out that the body hpides of the pig, lat, 
and chicken aie changed piofoundly by the diet Andeison and Mendel 
(15) lepoited that rats tend to deposit fats in much the same mannei as 
c 0 fattening hogs, but Brown (13) found evidence foi believing that poly- 
unsatuiated fatty acids aie moie leadily deposited by the lat than by the 
P'g Ellis and cowoikeis (4-7), m studies on soft poik, found that the 
amount of hnoleic acid in the lard w'as alteied maikedly by the amount of 
moleic acid in the diet Foi evample, pig fat laid down fiom a caibohy- 
late diet contained 1 9 per cent, while that laid down from a soy bean diet 
contained 30 6 pei cent of Imoleic acid Much the same sort of data can 
e found m the hteiatuie foi vaiious fatty acids -i notable e\ception is 
nolenic acid Ellis and Isbell (4) expiessed sui prise at findmg only 
very small amounts of linolemc acid m the fat of hogs fed soy beans and at 
e failure to find it in all samples in spite of the fairly large amounts of 
soy beans fed They stated that, “The Imolenic acid because of its high 
egiee of unsatuiation was evidently eithei metabolized or conveited to a 
moie saturated acid and then deposited ” The amounts found w^ere 0 02 
and 0 50 per cent Hilditch and Shorland (17) found small amounts of 
inolenic acid m sheep liver fat fiom pasture-fed animals BIooi has stated 
m a recent monograph (18), that linolemc acid is a marked example of 
selection in the use of fat for eneigy production because this acid has been 
^own to be almost completely elimmated from the food fat before storage 
roivn and cowoikeis (10-14) suggested that w^hen the experimental diets 

Presented before the Chicago Section of the American Chemical Society and 
ection C of the American Association for the Advancement of Science at Chicago, 
■December 26, 1947 
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contained eithei arachidic oi highly unsatuiated Cio and acids the un- 
satuiated acids appealed in the depot fats of pigs and rats 
In the piesent papei w e shall show that three double bond fatty acids may 
be stored in pig fats in veiy large amounts, as much as 11 1 per cent havmg 
been found in the fit fioin certain “yellow^ fat” pigs The feeding of 
flaxseed to lats in an amount sufficient to provide about 15 per cent linseed 
oil in the lation resulted in the deposition of tuenoic acids in amounts as 
great as 28 pei cent of the depot fats 

1 XPFllIMLM VL 

Yellow Fat f win Ilogf , — Three smnples of lard were obtained tiom a com- 
mercial meat packing house in regulai opeiation One of these samples 
was oidinaiy lard rendered from mixed killing and cutting fats, and the 
other two samples weie lendered from the fit of “yellow” carcasses which 
had been rejected by the authorized inspector Table I shows the color 
of these three samples as expiessed m Lovibond units It is evident that 


Tabib I 

Color Evaluation of Samples of Swine Fat 


1 

Lard | 

1 Color. Lovibond units 

Sample No 



. 

Yellow 

Red 

1 

Ordinary 

6 

0 4 

2 

Yellow 

6 


3 

it 

35 

5 9 


while there was httle difference between Samples 1 and 2, Sample 3 was ax- 
tremely dark yellow, with a higher proportion of red than was present m 
the control 

The samples were analyzed for the typeb of fatty acids piesent by the 
spectrophotometiic method developed by hlitchell cl al (19) and by eni- 
ploymg the constants published by Beadle and Ixiaybill (20) Fig 1 shows 
the absorption spectra of the allvali-isomeiized soaps m ethanol The ah- 
soiption in the region of 2680 A is typical of a conjugated tiienoic fatty 
acid No significant differences are noted m the region above 3200 A 
Table II show s the analytical data on these samples The lodme numbero 
w'eie obtamed by the Wijs method The iodine values of the yellow laid» 
were 27 to 30 units higher, and the tiienoic acid contents, calculated as 
hnolenic acid, were approximately 10 times lughei than those of the contro 
lard The fatty acid composition of the control wms tyTiical for lard, base 
on the analysis of several hundred samples m oui laboratories 
The yellow color in these fats could not be extracted along wuth the un 
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saponifiable matter Tlie coloi was therefoie not due to carotenoid pig- 
ments of the type found in gi iins and glasses 
Bromnution m inlij’^dious ethyl ethei of the unsatuiated acids obtained 
fiom the yellow laid resulted m the piecipitatioii of polybromides w'hich 
melted at Ib7-1G8 3° Retiystalhzation fiom benzene juelded ciystals 
with a melting point of 173 0-173 3° The addition of about 10 per cent 



WAVELENGTH - A 

^’lo 1 The absorption spectra of the alkali-isomerized soaps from lard (with 
ethanol as the solvent) Curve 1, control lard. Curves 2 and 3, “yellow fat” lard 


Table II 

Speclropholomelric ATialysis of Swine Fat {on Basis of Mixed Acids) 


Sample No 

Lard 

Iodine value 

Arachidonic 

Lmolenic 

Linoleic 

Oleic 

Saturated 




per cent 

per cent 

per cent 

per cent 

Per cent 

1 

Ordinary 

71 9 

0 50 

0 94 

11 9 

51 2 

35 46 


Yellow 

101 5 

0 77 

11 4 

16 0 

43 0 

28 83 

3 


98 7 

1 22 

9 0 

15 3 

47 0 

27 48 


of knowai hexabromosteaiic acid prepared fiom Imseed oil (m p 180 5- 
180 7°) did not change the melting pomt except to raise it a few tenths of a 
degree Likewise, the addition of about 10 per cent of these crystals to the 
^^o^vn hexabromosteaiic acid did not lower the melting pomt of the Ivnowm 
crystals more than a few tenths of a degree 
Feeding of Flaxseed to Rais — ^Twelve young male albmo rats, weighmg 
from el to 100 gm , were divided mto two groups of slx each at random and 
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Lonlincd in wuc-Ilooied cnyph m .i (oii'^tiint, tiinpeiatuic loom il 211° 
Food uid \v.ilci woic supplied ud lihilum 'I’lic lalioiis winch wcie fed to 
the lespcctivc gioups aic showm m Table 111 The iiiimalb weie weighed 
each week One lat m Group 2, on the flaxseed lation, died during the 2nd 
w'eek, leaving only five in th it gioup One animal m each group was killed 


Tabce, III 

Rations Used in Feeding of Rats 



Group 1, control 

Group 2, flaxseed 


per cent 

per cent 

Ground yellow corn 

14 7 

37 2 

Soy bean oil meal 

30 0 

10 5 

Dried skim milk ! 

5 0 

5 0 

Dehydrated alfalfa meal 

1 0 

1 0 

Dried brew'crs’ yeast 

2 0 

2 0 

Corn oil 

13 0 


Vitamin A (3000) and D (400) oil 

0 3 

0 3 

Pulverized limestone 

0 5 

0 5 

Iodized salt 

0 5 

0 5 

Ground flaxseed 


40 0 



WEEKS OH RATIONS 

Fig 2 Weight gam data foi rats Curve 1, control group, Curve 2, gioup fed 
flaxseed diet 

duiing the 19th w^eek foi fat analysis, and the lemaining animals wTie 
killed duiing the 21st w'eek The average weight gams foi each group of 
rats are shown by the curves m Fig 2 The basal ration had been used 
previously as a stock ration, but was modified for the control group to in- 
clude corn oil in an amount approximately equivalent to the oil received by 
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the rats m Gioup 2 on the flaxticcd diet Ihe amount of linseed oil in the 
flaxseed used was 30 01 pei cent, as detei mined by the official method 
of the Assocution of Officnl \giicultuial Chemists The linseed oil con- 
tent was thus about 115 pei cent of the lation The content of Imolemc 
acid in the oil was 15 78 pci tent as detei mined by the spectiophotomctiic 
method, and the Imolcnic acid content of the flaxseed lation wms 6 6 per 
cent 



I'lG 3 Absoiption spectra of alkah-isomeiizcd soaps from rat fat fwith ethanol as 
solvent) Curve 1, control rat. Curve 2, rat fed on flaxseed diet 

At the end of the indicated feeding peiiods, the depot fats weie obtained 
fiom the lats m the following mannei The rats were killed in a lethal 
chambei by the use of chlorofoian and the caicasses chilled in a lefiigeratoi 
at 4° foi a few houis Immediately following this chillmg peiiod, the ani- 
mals w-eie skinned and the depot fatty tissue tiimmed fiom the caicasses 
The depot tissue samples weie placed in a xmeuum oven foi 30 hours at 50 
m oidei to lemove excess watei and then extracted in a Soxlilet extiactoi 
by the use of petroleum ether duiing a period of IG hours dhe petioleum 
ether was removed under reduced pressure with some wamring m a water 
bath, and the resulting fat subjected to the same analjdical procedures as 
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■were descnbed for the fat from swme Fig 3 shows the ultraviolet absorp- 
tion spectia of the alkah-isomerized soaps m ethanol The strong similar- 
ity of these cun es to those obtamed from the 1 iid samples is at once e\ ident 
The mtense absoiption evliibited at 2340 bj' the fat from the control 
animal is due to the piesence of a laige amount of Imoleic acid The region 
at 2G80 A, show ing the presence of tiienoic acids, indicates that the flaxseed- 
fed rat deposited a gieat deal moie of tlus material than did the control rat 
Table IV presents the analytical data obtained on the mdiiidual rats 
throughout Groups 1 and 2 The samples of fat obtamed from the flaxseed- 
fed rats were not noticeably darker yellow than those from the controls 

Tvble IV 


Speclrophotometric Anahjsisi of Rat Depot Fat (fin Basis of Mixed A-Cids) 


Diet 

Animal 

No 

Iodine 

\alue 

Arachidonic 

Linolcnic 

Linolcic 

OIcic 

Saturated 




per cent 

per cent 

per cent 

per cent 

per cent 

Control 

soo 

127 49 

1 10 

1 30 

53 42 

25 90 

18 28 

(C 

SOI 

124 12 

0 89 

1 23 

52 49 

25 05 

20 34 


S02 

124 OS 

1 13 

mmB 

52 02 

24 98 


<< 

803 

127 76 

1 48 


54 06 

23 49 

19 66 

<c 

S04 

126 21 

0 79 

1 16 

53 15 

26 58 

18 32 

4t 

S05 

126 44 

0 82 

1 13 

54 03 

25 09 

18 93 

Average 


126 02 

1 01 

1 23 

53 20 

25 IS 

19 36 

Fla-xseed-fed 

807 

150 06 

1 42 

25 33 

28 21 

27 54 

in 

(( 

808 

158 00 

1 22 

27 59 

27 91 

30 86 

139 

a 

809 

151 53 

1 57 

24 73 

29 49 

27 89 


fi 

SIO 

155 29 

1 28 

26 42 

29 85 

27 26 


t( 

811 

152 56 

1 40 

25 93 

28 37 

28 25 


Average 


153 49 

1 38 

26 00 

28 77 

28 36 

15 50 


Brommation of the unsaturated fatty acids from the fla-xseed-fed lats m 
anhydrous ethyl ether resulted m the precipitation of polybromides ivhich 
melted at 169-170° Aftei tw o recrystallizations from benzene the melting 
pomt was 176 0-176 2° The addition of 10 per cent of known hexabromo- 
steanc acids did not change the meltmg pomt, except to produce an appar- 
ent rise of 0 2°, which w'ould be explamed as a result of dilution of the 
impurities m the 176° sample Ldvewose, the addition of 10 per cent of the 
crystals obtamed from the rat fat to the loioivn hexabromosteanc acid did 
not change the meltmg pomt of the hexabromosteanc acid Furthermore, 
when the polybromides from the yellow lard were added to the pob'hro- 
mides obtamed from the flaxseed-fed rats, there was no change m the melt- 
mg pomt 
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DISCUSSION 

A search of the liter iture has not brought to light any report of hog fat 
containing more than minor amounts of hnolemc acid Brown and co- 
i\orkei-s (10-14) reported about 2 7 per cent of highly unsatuiated acids in 
the fat of pigs which had been fed a diet contammg 14 pei cent of fish oil, 
and that the lodme number of this fat was about 10 units higher than that 
of the control They pointed out that rat fat is more easily affected by 
changes m the diet than is pig fat, for they noted much greater changes m 
the characteristics and composition m the fat of the rat on the fish oil diet 
In experiments on the feeding of fish oils to rats, they found that an appioxi- 
mate equihbrium was reached m 4 to 6 weeks, and that the stored fat con- 
tamed about the same amount of highly unsaturated acids as was present 
in the diet (10) Their conclusions were broadly the same as ours regardmg 
the rat, although we have found that the rat deposited about 4 times as 
much hnolemc acid as was present m the diet While both Broivn and Ellis 
obtamed experimental evidence that highly unsaturated fatty acids may be 
deposited m the fat of the pig, the amounts found were small, and the 
general impression seems to have remamed that the animal tends to metabo- 
hze or otherwise alter the fatty acids with unsaturation greater than two 
double bonds before depositing them m the stored fat 

Our data, based on spectiophotometric analyses as well as on biommation 
data, show that pig fat can, under certam conditions, contam up to 11 4 
per cent of trienoic acids calculated as Imolenic acid This situation occurs 
only rarely, about 51 such animals havmg been encoimtered by one large 
packer in the course of a year In attempting to explam the possible causes 
for this fat with the high content of polyunsaturated acids, we were 
naturally led to suspect an unusual diet, m view of the knoivn literature 
dealmg with the deposition of dietary fat Substances m the diet re- 
sponsible for the deposition of such large amounts of trienoic acid would 
necessarily be substances contammg large amounts of such components 
Because we found no evidence of unusually large amounts of acids contain- 
ing more than three double bonds (other than the expected amounts of 
nrachidonic acid), it did not seem likely that the effect could be attributed 
to fish oils The oils would then logically be suspected as bemg vegetable 
m origin Such oils as peanut, cottonseed, and com do not contam more 
than nunor quantities of Imolemc acid Soy bean oil contains from 5 to 
about 9 pel cent of Imolemc acid, but this hardly seemed a likely source, 
because the amounts m the lard were greater than that m the soy bean oil 
and because Ellis reported only very small amounts of hnolemc acid de- 
posited as a result of feedmg soy beans 

Of the various common oily domestic plants to vhich si\me might ha\e 
access m this country, only flaxseed is knoivn to contam hnolemc acid m 



228 


DGl’O&niOiN or UUIGNOIC lAFl'l VOIDS 


Itiigc qucuititicb The feeding to lats of 14 3 pei cent hntced oil in the foim 
of fh\seed icbiiltcd in tlie tlepobition of ainountb of tiienoic acids up to 
27 59 per cent of the stoied fats m the lat 
The melting points of the polybiomides fiom the lat fat as v\ell as the 
hog fat weie unchanged by the addition of small piopoitions of known 
hexabiomosteaiic acid fiom Imseed oil Likewise, the melting point of the 
known hexabiomostcaric acid was unchanged bj'' the addition of small 
amounts of the polybiomides Fuitheimoie, when the polybiomideb from 
the hog weie mixed with the polybiomides fiom the lat, theie w as no depres 
sion of the melting point This would seem to indicate that the biomidcb 
w^eie composed chiefly of 9,10,12,13,i5,16-hexabiomosteaiic acid fiom 
hnolenic acid, and that the lelatively low' melting points observed were 
piobably due to the piesence of impuiities which weie not elunmated from 
the crystals Due to the disci epancy m melting points, how evei, final proof 
of structuie would need to be made by other means, as we did not have 
sufficient material foi an elaborate senes of fractional crystallizations 
ICnight, Jordan, and Swein (21), m studies on beef tallow, obtained ether- 
insoluble bromides melting at 170-171°, with no change m the meltmg point 
on the addition of hexabiomosteaiic acid prepared fiom peiilla oil, and 
consideied this as evidence that the substances were identical It may he 
that mutual solubility effects of the various biomides of poljmnsatuiated 
acids found in anmial fats lender the preparation of perfectly pure 
9,10,12,13,15,lG-hexabiomosteaiic acid exceedingly difficult, if indeed 
this IS the major constituent of the ciystals obtained 


SUXIJUUV 

1 Samples of “yellow” hog fat have been encounteied occasionally which 
contam unusually laige amounts of tiienoic fatty acids The amounts, 
calculated as Imolenic acid, w'eie found by spectiophotometiic analysis to 
be as much as 11 4 per cent of the fatty acids present 

2 When linseed oil containing 45 78 pei cent hnolenic acid w as fed to 
rats at a level of about 14 5 per cent of the ration by the incoipoiation of 
giound flaxseed, the amount of tiienoic acids m the depot fat w'as foiuid to 
be fiom 24 73 to 27 59 pei cent of the fatty acids present Tins was about 
4 times the amount found m the ration 

3 It seems quite clear that animals such as the pig and the lat can do 
posit quite laige amounts of tiienoic acids m the depot fat, and that the 
amount deposited piobably depends simply on the amount m the diet 
This IS somewhat in contrast to the vuew' quite generally held, that these 
animals tend to remove the major portion of acids with moie than two 
double bonds or to satuiate them partially befoie depositing them m 
stored fat 
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I 'L'hc evulcncc indic Uc-, IhaL “vcllow" ful, in swino mdy icsulL fioiu the 
feeding of fl ixbccd 

The luthoib wish to acknowledge the impoitant teclmical assistance of 
AIiss Helen Rezibek and iMiss Maijoiie Petheiam in obtaining the analyti- 
cal data 
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STUDIES ON INTERMEDIARY STEROID METABOLISM 

II COMPOUNDS ISOLATED FOLLOWING THE INCUBATION OF 
ANDROSTERONE AND ETIOCHOLAN-3(a)-OL-17-ONE WITH 
SURVIVING RiBBIT LIVER SLICES 

By JOHN J SCHNEIDER vvd HAROLD L MASON 
{From the Division of Biochemislnj, Mayo Foundation, Rochester, Minnesota) 

(Received for publication, April 15, 1948) 

In the initial communication of this senes (1) we described some expen- 
ments m which dehydioisoandrosterone was mcubated with survivmg 
rabbit hver slices in an aerobic environment Under the conditions em- 
ployed, this steroid was converted laigely to A®-androstene-3(/3),17(o;)-diol 
and m small yield to A®-andiostene-3(/3) , 1603) , 17(a)-triol, which suggested 
that, while the urinary ketosteroids may be regarded as the excretion forms 
of other physiologically moie active piecursors, they are stiU susceptible to 
further metabolic change In view of these results it appeared desirable to 
study in mlro the effect of various tissues on other representative unnary 
ketosteroids as a means of obtammg furthei mfoimation relative to their 
metabohc fate It is the purpose of this paper to describe the isolation and 
charactenzation of the metabolic products formed when androsterone^ and 
etiocholanolone were mcubated with surviving rabbit liver slices under 
aerobic conditions This study seemed particularly mdicated m view of 
the demonstrated excretion of these two substances after the adimnis- 
tration of dehydroisoandrosterone to human bemgs (2) 

Procedure 

The mcubation procedure employed in these experiments was the same 
as that already described (1) In brief, slices were prepared from well 
chilled rabbit livei and were washed with, and later suspended m, aerated 
Krebs’ phosphosalme buffer To this system, which mcluded no other 
factors, the steroid was added as the soluble sodium salt of its hemisuccmate 
in amounts sufficient to give a steroid to tissue ratio of from 1 300 to 1 400 
The mixture was mcubated with agitation for 6 hours at 38° under aerobic 
conditions 

The procedure used to isolate the products was substantially the same as 
that previously outlined, and different only m that the petroleum ether 
fractionation was not employed In outlme the method mcluded, first, 
precipitation of the proteins with acid acetone, followed by removal of the 

^ We wish to thank Dr E Oppenheimer of Ciba Pharmaceutical Products, Inc , 
Summit, New Jersey, for a generous gift of androsterone 
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icclouc unclci icduccd picfasiuc 'J’hc iqiieoub icfaidue was diiutod, made 
alkaline, and cxliaoted with ethylene dichloiidc in oidei to obtain the free 
steioid fiaction Fuithei extinction of the aqueous phase following acidifi- 
cation gave a conjugated steioid fiaction The fiee steioid moiety was 
sepaiated into ketonic and non-ketonic components The free ketonic 
fraction was either chiomatogiaphed as such or first divided into digitonin- 
piecipitable and digitonm-non-precipitable components In each case the 
fiee non-ketonic fraction vas saponified and the non-saponifiable fraction 
chiomatographed The crude conjugated fraction was saponified dnectly 
and the non-saponifiable fraction divided into ketonic and non-ketonic 
components 


Table I 

Incubation of Androstcronc and EUocholan-3(,a) ol 17 one, Weights of Major 

Crude I ructions 



Andros* 
terone I 

Etiocholan 
3(a)*ol 17 
one 

1 Fractions obtained, mg 

HzperimcDt 

No 



Free steroid 

Conjugated steroid 


Total weight, mg 



Non sa 
ponifiable 
non Letomc 


Non saponiiiable 







Ketonic 

Non hetomc 

A-1 

1000 


5071 

105 

1468 

2767 

140 

282 

A-2 

1000 


4042 

108 

1050 

2560 

298 

518 

E-1 


1000 

4842 

121 

1837 

2463 

6 

132 


Results 

Table I indicates the total weight of the stei oids meubated m each experi- 
ment, together with the weight of the major crude fractions 
Two experiments (Experiments A-1 and A-2) iveie earned out wnth the 
procedure described and mth andiosteione as a substrate In each ex- 
periment the sodium andiosteione hemisuccmate was meubated m divided 
amounts and the several extracts weie combined before piocessmg Thus, 
m Experiment A-1, four 318 mg portions of andiosteione hemisuccmate 
(each equivalent to 250 mg of fiee steroid) were meubated foi 6 hours at 
a steroid to tissue ratio of approximately 1 400, while m Experiment A-2 
three 424 mg portions of andiosteione hemisuccmate (each equivalent to 
334 mg of free steroid) were meubated for 6 houis at a steroid to tissue 
latio of approximately 1 300 In each of the seven incubations the slices 
were suspended m 200 to 250 ml of buffei 

The over-all recovery of crystalline compounds m the two experiments 
with androsteione averaged 37 3 pei cent of the androsterone originally 





















J r SCUM IDl U VND II L MASOV 


233 


uiLubatccl Viuhobtciono, which wjb ieco\ciecl laigely fiom the conju- 
gated fraction, accounted foi an avciage of 55 6 pei cent of the weight of the 
stcioids isolated In both e\peiiments, two metabolic products weie 
identified Ihese weie andiostane-3(Q:),17(Q;)-diol, which was recovered 
laigely from the conjugited non-saponifiable, non-ketonic fraction, and 
andiostane-3, 17-dionc, which appealed exclusively m the free ketonic 
nioietj’- In one expeiiment, isoandiosteione was obtained m small 
amounts fioiii the fiee ketonic fi action aftei tieatment with digitonm In 
addition, twm othci alcohols weie obtained from the conjugated non- 
saponifiable, non-ketonic fiactions but m amounts too small to peimit 

Tcble II 

litsltibtUtonaiid Yield of Compounds Isolated after Incubalion of Two 1000 Mg Samples 


of Androsterone 


Compound 

Experunent 

No 

Fractions, v 

Free steroid 

/eight m mg 

Conjugated steroid, 
non sapomhable 

Yield per 
cent of 
andro> 
steronc 
incubated 

Kctooic 

Non sa 
ponifiable 
non ketonic 

Ketonic 

Non ketonic 

Androstane 3(a), 17(a)- 

A-l 


11 


100 

11 1 

diol 

A-2 


12 


168 

18 0 

Androstane 3,17-dione 

A-l 

6 




0 G 


A-2 

8 




0 8 

Isoandrostei one 

A-l 







A 2 

5 




0 5 

Unknown Alcohol A 

A-l 




5 

0 5 


A-2 




3 

0 3 

B 

A-l 




8 

0 8 


A 2 




4 

0 1 

Androsterone 

A-l 

10 


175 


18 5 



A 2 

14 


218 


23 2 


identification These have been designated as unknoivn Alcohols A and B 
The foimulas for the compounds identified are shoivn m Fig 1 Table II 
indicates their distribution m the various fractions and the 3 nelds obtamed 
In a single experiment (Expeiiment E-1) a total of 1000 mg of etiocholan- 
3(Q:)-ol-I7-one was incubated m three equal poitions as the hemisuccmate 
The incubation peiiod was 6 hours and the steioid to tissue latio w as 1 300 
The recoveiy of ci-ystalluie compounds was 50 8 pei cent of the steioid 
added, and of this fraction 15 7 pei cent was accounted for as etiocholan- 
olone Thiee compounds weie isolated and identified These weie 
etiocholane-3(a),17(Q;)-diol and etiocholane-3(a) , 17(/3)-diol, which were 
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recovered largely fiom the fiee, non-sapoQifiable, non-ketomc fraction, and 
etiocholanc-3,17-dione, which was obtained fiom the fiee ketonic fraction 
The foiinulas foi these compounds appeal in Fig 2 The distribution of 
these compounds m the various fiactions, togethei with the yields obtained, 
IS indicated in Table III 


Iablb III 

Distribulion and Yield of Compounds Isolated after Ineubalion of 1000 Mg of 
Etioeholan 3(a) ol-ll one 


j 

Compouad 

Fractions, weight m 

Free steroid 

mg 

Conjugated 
steroid, non 
saponinable, 
non ketomc 

Yield^ per cent 
of etioeholan 
olone in 
cubated 

Ketonic 

Non saponi 
fiable, non 
ketonic 

Etiocholanc-3(a),17(a) diol 


318 

10 

32 8 

Etiocholane 3(a),17(/3) diol 


85 


8 5 

Etiocholane-3, 17-dione 

15 



1 5 

Etiocholan-3(Q!) ol-17-one 

80 



8 0 


EXPERIMENTAL 

All meltmg pomts were deteimmed ivith the Fishei -Johns apparatus and 
are recorded as read 

Preparation of Androslerone and Elwcholanolone Succinates These de- 
rivatives were piepaied accoiding to the proceduie given foi dehydroiso- 
androsteione m the pievious publication (1) The yields varied from 83 to 
93 per cent Crystallization was best effected fiom ethyl acetate oi 
methanol Androsterone hemisuccmate melted at 186-187 (Ruzicka et al 
(3) gave a value of 185-185 5°) Etiocholanolone hemisuccmate melted 
at 164-165° 

Isolation and Identification of Androstane-S{oi) ,17(oe)-diol In both Ex- 
periments A-1 and A-2, this compound was recovered largely from the 
conjugated non-ketonic, non-saponifiable fraction It was usually eluted 
from the chromatographic column when the concentration of alcohol m 
benzene leached 0 3 to 0 6 per cent (by volume) It was readily crystaUized 
fiom methanol to yield colorless needles which melted at 222-223 A 
mixtuie mth an authentic specimen of andiostane-3(Q:),17(a)-diol (m p 
220-222°) melted at 220-222° A sample treated with digitonm failed 
to form a precipitate The diacetate, prepaied with the aid of acetic 
anhydride and pyridme, melted at 162—163° 

Analysis of Diaeetale—GAB.KQi Calculated C 73 36, H 9 61 

Found “ 73 68, “ 9 60 
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Isolation and Identification of Androstane-S ,17-dionc — In both E\peu- 
ments A-1 and A-2, this compound appealed m the free ketonic fraction 
m]\ed with small amounts of andiosteione and isoandrosteione The re- 
coveiy of the diketone was incoiViplete, due to the difficulty encountered m 
sepaiatmg it fiom the associated hydroxy ketones, and m older to obtam a 
puie sample it was necessaiy to rechiomatogiaph pait of the free ketonic 
fractions As would be expected, this compound was eluted from the 
column when the concentration of alcohol m carbon tetrachloride was of the 
oidei of 0 025 to 0 05 per cent It was ultimately crystallized from diy 
ether and melted at 127-128° A mixture with a Ivnown sample of an- 
diostane-3,17-dione (m p 127-128°) melted at 126-127° It was furthei 
characterized by examination of its infra-red absoiption spectrum- which 
agreed in aU details mth that obtained from an authentic sample 

Isolation and Identification of Isoandrosterone — This compound was 
identified as one of the pioducts of Expenment A-2 and was isolated from 
that portion of the free ketonic fraction precipitated by digitonm The 
best sample melted at 162-163° A mixtuie with an authentic sample of 
isoandrosterone (m p 171-172°) melted at 164-165° Infra-ied absorption 
analysis- disclosed that the sample was an andiosteione-isoandrosterone 
mixture 

Isolation and Identification of Audi oslerone — In Expeuments A-1 and A-2, 
androsteione was obtained laigely fiom the conjugated non-saponifiable 
ketonic fraction It was usually eluted when the concentration of alcohol 
in carbon tetiachloiide leached 0 05 to 0 1 pei cent It was ciystalhzcd 
fiom ethyl acetate and identified by its meltmg point and by the melting 
point of mixtuies with authentic specimens 

Partial Chai actenzation of Unknown Alcohols A and B — ^Both of these 
compounds weie isolated fiom the conjugated non-saponifiable, non-ketonic 
fraction Alcohol A, which was obtamed in both Expeuments A-1 and A-2, 
was crystallized fiom methanol and melted at 277-278°, [aJn'' = -1-26 7° ± 

1 2° (0 320 pel cent in ethanol) This compound w'as eluted fiom the 
chromatographic column when the alcohol concentration leached 0 7 to 1 
per cent It foimed an acetate with acetic anhydiide and pyiidme winch 
melted at 225-226° Alcohol B w as isolated fi om the same column, but not 
until the concentration of alcohol m benzene leached 10 to 15 pei cent 
After crystallization from methanol it melted at 233-234°, = 0° 

(0 249 per cent in ethanol) A mrxtuie of the two alcohols melted at 
205-215° 

Isolation and Identification of Eliocholane-Sla) ,17ia)-diol — ^This diol ap- 
peared laigely in the free non-ketomc, non-saponifiable fraction and was 

- We wish to thank Dr Konrul Dobrincc, Memorial Hospital, New York, for the 
infia red analyses 
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dulod wlieii llu' content i,i( ion of .ilcohol in beiucnc icaclied 0 5 pei cent 
Ilb facpnuition fioin llie 1703) isoinei (which wis picsent on the same 
column and which wiiu eluted bhoitly aftei the 17(a) isomei) was due m 
pait to a piactice of eluting each component of a given column as com- 
pletely as possible with the lowest practical concentration of alcohol 
Crystallization fiom methanol yielded coloiless plates which melted at 
233-234°, [aJo® = -|-2G 2° ± 1 5° (1 29 pei cent m ethanol) A mixture 
with an authentic sample of etiocholane-3(a),17(a)-diol (mp 232-233°) 
melted at 232-233° 

Analysts— Cilculatcd, C 78 03, H 11 03, found, C 78 12, H 11 21 

The diacetate, piepaied with acetic anhydride and pyridme, melted at 

125- 120° (Butenandt el al (4) gave a value of 232° as the meltmg pomt of 
the free diol and 124 5-125 5° as the meltmg pomt of its diacetate) 

Isolation and Identification of Etiocholane-S{a) ,17(fi)-diol — ^This as yet 
undesenbed diol was eluted from the column when the concentration of 
alcohol in benzene was 0 7 per cent It crystalhzed from aqueous methanol 
in the form of thin needles which melted sharply at 227—228°, [a]n = 0 
(0 75 per cent in ethanol) A mixture with etiocholane-3(a),17(a)-diol 
(m p 233-234°) melted at 198-220° 

Analysts — CioHj 0 Calculated, C 78 03, H 11 03, found, C 77 96, H 11 21 

The 3(a) configuiation was assigned because of its faduie to foim a 
precipitate when tieated with digitonin, and because there was no leason to 
suspect that inveision had occurred at C-3 Oxidation with chiomic acid 
m 90 per cent acetic acid yielded colorless needles which melted at 127—128 
A nuxtuie with an authentic specimen of etiocholane-3 , 17-dione (mp 
128-129°) melted at 127-128° Thus, the only stmctural diffeience m the 
two diols was the configuiation at C-17 

Isolation and Identification of Eliocholane-S ,17-dione—T::his compound 
was obtamed fiom the free ketonic fi action by washing the column wit 
caibon tetrachloiide contammg 0 05 per cent alcohol No difficulty vas 
expenenced in sepaiatmg it fiom the associated etiocholanolone It 
crystalhzed from dry ethei m the form of coloiless needles, and me te at 

126- 127° A mixture ivith an authentic sample of etiocholane-3 , 17-dione 
(m p 127-128°) melted at 126-127° 

Analysis— Calculated, C 79 12, H 9 78, found, C 79 36, H 9 SO 

Isolation of Etiocholanolone— Etiocholsmolone was obtained m Expeii- 
ment E-1 fiom the fiee ketonic fiaction only Like andiosterone, it \\as 
eluted from the column when the concentration of alcohol m carbon tetra- 
chloiide leached 0 05 to 0 1 pei cent It was identified in the mannei 
described foi androsteione 
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Isolahon and Identification of Cholesteiol — Cholesterol was regularly 
isolated m all three expeiiments both fiom the fice and the conjugated non- 
ketonic fiactions Its presence did not mterfeie with the isolation of other 
compounds of interest since it was eluted from the columns at an alcohol 
concentiation well below' that lequired to elute the diliydioxy compounds 
It was ciystallized fiom acetone and then melted at 118-149° 

Seaich for Acidic Fragments — Since the ovei-all lecoveiy of neutral com- 
pounds w’as low in these expeiiments, a search was made on two occasions 
foi possible acidic metabolic pioducts The allvahne aqueous solution re- 
maining aftci extinction of the non-saponifiable material deiived from the 
conjugated fiaction was acidified and lecxtracted with ethei The dark 
biow'n extiact so obtained was treated with an excess of diazomethane 
iUtei standmg at loom tempeiatuie foi 12 hours, the solvent was evapo- 
rated, and the residue w'as taken up in benzene and chromatographed on 
acid-washed alumina No ciystallme substances w'ere obtained by this 
pioceduie 

Comment 

These experiments demonstiate that theie exist m rabbit liver enzyme 
systems capable lioth of alteimg the functional gioiips of certam keto- 
steroids and of conveiting them into as yet unrecognized fragments 
The reactions observed were of thiee general types Quantitatively, the 
I lOst important of these was the reduction of the C-17 carbonj'l group to 
one 01 both epimeric alcohols This w'as the predominating reaction w'lth 
both andiosteione and etiocliolanolone in that it accounted for the largest 
share of the products isolated The impoitance of this reaction w'as even 
more apparent in the case of dehydioisoandiosteione (1) in which from 43 
to 69 per cent of the added steroid was converted to A®-andiostene- 
3((3),17(a)-diol It is of interest that both isomeiic diols were obtamed 
only in the case of etiocholanolone and that a careful seaich for the second 
isomer after androsteione incubation, and, in a recently repeated expeii- 
ment, dehydioisoandiosterone, was unsuccessful 

These results suggest that reduction of the C-17 carbonyl group lepie- 
sents a general metabolic reaction of the 17-ketosteioids The isolation 
from urine of a number of those steroids formed under the conditions 
employed m these in vitro experiments lends support to this view Thus, 
although A®-androstene-3(|3) ,17(a)-diol has not been isolated from noimal 
urine, it has been lecoveied from the urine after admmistiation of dehydro- 
isoandrosterone to a human being (2), and in turn has led to an mcieased 
excretion of dehydroisoandrosteione after its subcutaneous injection into 
gumea pigs (5) Etiocholane-3(a),17(Q:)-diol has been recovered from the 
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d Lon. L Significant amounts under %n vitio con- 

ditions, has not been obtained fiom the uiine of normal human bemgs to 

* te, but his been isolated fiom the urine of a noi-mal female after the 
administration of tcstosteionc piopionate (6) 

tion to a lessei extent, was that of oxida- 

dZmlthZ f Sioup This occurred 

t, t le mcubation of both indrosteione and etiocholanolone to o-ive rise 
to the corresponding diketones The nonnal occuiience of this reaction m 
man bemgs is attested by the pieviously reported isolation of andiostane- 
;/ and etiocholane-3,17-dione fiom the urme of normal men and 

omen ( ) fn addition, andiostane-3,17-dione has been obtamed from 
pig testis (S) 

A thud leaction, foi which the evidence is less conclusive, appeared to 
consist of a leduction of the C-3 caibonyl group of the newly formed 
androstane-S , 17-dione to yield one oi both possible epuneis The evidence 
or ^s reaction is the isolation of isoandrostei one However, smee it is 
possible that the isoandiosterone isolated may have been present as a 
contammant m the sample of androsterone meubated, it would be desnable 
conversion fuither The pomt would be most easily 
3 17 ^ separately incubatmg a sample of the mtermediate, androstane- 
) 7-dione Such expeiiments aie now m progress 
Isoandrosterone has been isolated m small amounts from the urme of 
normal human bemgs (9), from the urme of a variety of patients with 
carcinoma (10, 11) and from the uime of patients with h 3 ^erfunctionmg 
esions of the adrenal coitex (12, 13) 

These data, together with those already published, also show that the 
la es of hydrolysis of the three hemisucemates m rabbit liver are distmctly 
1 erent, as judged by the weight of crystallme compounds recovered from 
e conjugated fraction The rate of hydrolysis of dehydroisoandrosteione 
enusucemate was the most rapid, and, by employing the same conditions, 
was found that the rate of hydiolysis of andiosterone hemisuccmate was 
c least rapid, while the rate of hydrolysis of etiocholanolone hemisuccmate 
occupied an mteimediate position 

Of interest, too, is the demoiistiation that dehydroisoandrosteione or its 
metabolic products are comparatively lesistant to those as yet undescribed 
enzyme systems that have as then pomt of action the steioid nucleus itself 
contrast to the 68 to 81 per cent lecoveiy of crystalline compoimds after 
e incubation of dehydroisoandiosterone, the recovery m the case of 
etiocholanolone was 50 8 per cent and m the case of androsterone 37 3 
per cent 
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STOIMAUY 

Sodium uiidiobtcione and etiocholan-3(Q:)-ol-17-one hcmibUtcinates ueie 
incubated inth suiviving labbit livei slices undei aeiobic conditions for 
peiiodb of G houis at 38° An aveiage of 37 3 pei cent of the andiosteione 
incubated was accounted foi as the ciystalline compounds andiostane- 
3(a),17(a)-diol, andiostanc-3,17-dione, isoandrosteione, and two as yet 
unidentified alcohols After the incubation of ctiocholanolone the le- 
covoiy of ciystalline compounds w'as 50 8 pci cent These included 
ctiocholanc-3(a),17(a)-diol, etiocholanc-3 , 17-dione, and a new^ steioid, 
otiocholane-3(a) , 1703)-diol The lesults ha\ e been discussed in iclation to 
icpoited m mvo obscivations and Avith i aspect to ketostcioid metabolism 
in geneial 
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THE PREPARATION OF l-LEUCINE AND ITS BEHAVIOR IN 
SOME NON-AQUEOUS SOL^^ENTS 

B\ DUDLEY W rilOM VS and CARL NIEMANN 

(/ will the Gatch and Ciclliii Lahoralones of Chemislnj* Califoi nia Institute of 

Tcchnologij, Pasadena) 

(Receued for publication, February 16, 1948) 

Beigmanii and Stem (1) ha\ e desciibed a pioceduie foi the isolation and 
puiification of natuially occuumg L-leucine based upon the piecipitation 
and iecr 3 "stalhzation of the slightly soluble salt of this ammo acid with 
naphthalene-/3-sulfonic acid The pioduct obtained was stated to be 97 
per cent puie and to be fiee fiom methionine, a common contaminant of less 
pure piepaiations of n-leucme (2) We have found that L-leucme so pie- 
paied contams significant amounts of those ammo acids which aie oxidized 
by bromme m acid solution, and that a naphthalene sulfonate of superioi 
punty can be obtained if the ciude leucine is fiist tieated with biomme 
vatei The use of the pielimmaiy biomme oxidation and of more dilute 
solutions than weie used by Beigmann and Stem foi the leciystallization 
of the naphthalene-/3-sulfonate gave L-leucme piepaiations of exceptional 
punty when judged by qualitative tests and solubility deteimmations 
Characteristic physical constants of L-leucme so piepaied aie given else- 
where in this papei 

In the determination of the optical rotation of a-ammo acids m aqueous 
acid solutions, it has been assumed at tunes that the concentration of the 
aqueous acid is not critical provided sufficient acid has been added to assure 
formation of the ammo acid cation Dunn el al (3) have pomted out that 
the specific lotation of solutions of l- and n-alanme m hydiochloric acid is 
dependent upon the hydiochloiic acid concentration, and the data presented 
4n Pig 1 cleaily show a similai dependency m the case of either hydrochloric 
01 sulfuric acid solutions of L-leucme 

When solutions of L-leucme m 100 per cent sulfuric acid were allowed to 
stand at 25° for periods exceeding 1 month, no change m specific rotation 
was observed Furthermore, the L-leucme recovered from these sulfuric 
acid solutions was mdistmguishable from L-leucme not so treated As 
cither the lack of formatron of the doubly charged cation, PiCHNHaC- 
( 0 H) 2 ]++, or the stability of this ion, m respect to the loss of a proton from 
the a-caibon atom m sulfunc acid solutions, may have been responsible for 
the optical stability noted, the cryoscopic properties of sulfuric acid solu- 
tions of L-leucme were investigated It was found that the freezing point 

* Contribution No 1175 
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depression of these solutions was 2 2 tunes that of a non-electrolyte, which 
would indicate that although the reaction 

[RCHNH,CO:]± + H SO. — 1RCHNH,C02H]+ +[IISO.]- 
is essentially complete theie is relatnely little ionization of the type 
[RCHNH,C0.1I]+ 4- H SO. - [RCnNH.C(OH)-l++ + [IlSO.r 

The effectiveness of the positively charged ammonium gioup m preventing 
appreciable protonation of the carboxyl group of the L-leucme cation in 100 



Fio 1 Specific rotation of n-leueino in aqueous hydrochloric and sulfuric acid 
solutions O, sulfuric acid, O, hydrochloric acid 

per cent sulfunc acid can be appieciated when it is remembered that both 
acetic acid and monochloroacetic acid are completely ionized in this 
solvent (4) 

It ivas obseiwed that, when L-leucine was titiated with peichloiic acid ui 
glacial acetic acid solution (5), the specific rotation of the solution mci eased 
rapidly mth added increments of percliloiic acid until 1 equivalent of the 
acid had been added (Fig 2) Kolthoff and WiUman (6) have argued that 
a dipolar ion, such as glycine, would be expected to behave as a strong base 
m glacial acetic acid solutions because of the gi eater acid strength of acetic 
acid as compared to water and of an assumed near equivalence of the acid 
strengths of ammo acid cation and acetic acid m solutions of the latter 
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biibstiUice These authoib conclude, fioni conductu itj' incasuremeuts, 
that glycine dissolved in glacial acetic acid is picscntas [Cir 2 NIl 3 C 05 lI]+- 
[Ac]~ and that the degicc of dissociation of this ion pan is of the same older 
as that of potassium or ammonium acctite m the same solvent The 
obseued change in the specific lotation of a glacial acetic acid solution of 
L-leucme upon the addition of peichloiic acid in the same sohent and 
paiticulaily the abiupt change in the tiend of the specific rotation noted at 
the equivalence point can be inteipieted to suggest negligible or limited 
dissociation of the ion pan [CiH9CHNH3C02TI]+[ Vc]" m glacial acetic acid 



Molar Cone Leucins 

Fig 4 Specific rotation of n-Ieucinc in glacial acetic acid at 25° 

If one assumes that the ammo acid is completely ionized in glacial acetic 
acid solutions, the observed changes m the specific lotation of these so- 
lutions upon the addition of perchloiic acid could be asciibed to the le- 
placement of acetate ion by pei chlorate ion in the undissociated ion pan 
That such an effect is possible is demonstiated by the titiation of a pai- 
tially lesolved sample of d-a-phenylethylamme m glacial acetic acid by 
perchloiic acid m the same solvent (Fig 3) In the lattei case theie can 
be no doubt that the a-phenylethylamme is completely ionized m glacial 
acetic acid solutions Although rigorous evidence as to the natiue of the 
ion species present m a glacial acetic acid solution of L-leucme is lacking, 
piesent knowledge (4, 7-9) would appeal to offer little support to the 
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view that the aiiuno acid can exist in glacial acetic acid solutions as the 
dipolai ion 

In the couise of these studies, it was obseived that the specific lotation of 
L-lcucine in glacial acetic acid is stiikingly dependent not only upon temper- 
atuie but also upon the amino acid concentiation (Fig 4) Fuithermoie, 
it was obseived that low'cimg the molal fieezmg pomt of solutions of l- 
Icucinc in glacial acetic acid vanes cvith the amino acid concentration, as is 
shown in Fig 5 These obseivations suggest that even at relatively low 
concentiation thcie is extensive association of the ion pans piesent in a 
glacial acetic acid solution of L-lcucine 



Fig 5 Freezing point depression of solutions of l leucine in glacial acetic acid 

experimental 

Amperomelric Ttbahon of Leucine Preparations {10) The titiation of 
100 mg samples gave the following values, expressed as rno es o 
sumed per gm of ammo acid a technical leucme (Lemlce), 1 31 X 10 , a 
puiified leucine (Hoffmann-La Roche), 3 66 X 10“^, and leucme prepare 
by the method of Beigmann and Stem (1), 1 11 X 10 = RMrystallization 
of the iiaphthalene-/3-sulfouate, beyond that advocated by Bergmann and 
Stem, did not piove effective m lemovmg biomme-oxidizable mipuiities 
Picparation of L-iewctne— Satin ated bromme watei was added, slow y 
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and wth stining, to a 10 pei cent (weight per volume) solution of technical 
leucme (Lemke) in 1 ad hydrochloiic acid until the color persisted for 20 
minutes after the last addition The excess bromine was destioyed mth 
sodium bisulfite prior to the addition of naphthalene-/3-sulfomc acid as 
directed by Beigmann and Stein (1) The naphthalene-/3-sulfonate, mp 
189-1915°, = +13 3° ± 01°, 4 3 pei cent (weight per volume) m 

methyl cellosolve, was recrystallized foui times fiom a 7 5 per cent (weight 
per volume) aqueous solution and the L-leucine, obtained by the decompo- 
sition (1) of the four times lecrystalhzed naphthalene-j3-sulfonate, mp 
191-192°, [a]n^ = +13 2° =h 0 1°, 3 Spei cent (weight pei volume) m methyl 
cellosolve, was lecrystalhzed twice from 33 pci cent (by volume) aqueous 
ethanol The yield of the twice recrystallized L-leucine, based upon the 
weight of the starting material, vaiied betw'een 10 and 14 per cent Quali- 
tative tests for the presence of sulfur (11) and of tyiosme (12) in the tivice 
recrystallized L-leucine were negative Exammation of the absorption 
spectra of a 0 4 per cent (weight per volume) aqueous solution of the ammo 
acid revealed no specific absorption in the 260 to 270 m;i region /Analysis 
for total nitrogen gave 10 60 ± 0 09 per cent or 99 3 ± 0 8 per cent of 
theory 

Soluhthly of h-Leuctne tn Water — excess of tw'ite lecrystalhzed n- 
leucine was equilibrated with redistilled water at 25 05° it 0 05° Aliquots 
were wlthdra^vn over a peiiod extendmg fiom 5 to 30 days and the solvent 
was evaporated at 105° Seventeen determmations gave a mean value of 
2 152 ± 0 006 gra per 100 gm of watei foi the solubility at 25° The 
undissolved leucme remaimng fiom the above senes of solubility measure- 
ments was utilized foi a second senes of measuiements, and in this mstance 
twelve deteimmations, conducted as described above, gave a mean value of 
2 15 ± 0 01 gra per 100 gm of w'ater at 25° The value of 2 15 ± 0 01 gm 
per 100 gm of water for the solubility of L-leucine m wmter at 25° obtamed 
above is to be compared with the value of 2 19 gm pei 100 gm of water at 
25° given by Stoddard and Dunn (9) and the value of 2 20 gm pei 100 gm 
of water at 25° reported by BQynka (13) 

Optical Rotation of 'L-Leiwine in Aqueous Systems — ^The optical lotation of 
the twice recrystallized L-leucine was determined m 6 02 m hydiochloric 
acid, with the leucme concentration varymg fiom 2 0 to 5 0 per cent (weight 
per volume) and the tempeiatuie fiom 18-35° The specific rotation of n- 
leucme m 6 02 m hydiochlonc acid was found to be independent of the 
leucme concentration between the limits studied The vanation of the 
specific’rotation with temperature was found to be Imear withm the above 
liimts, the temperature coefficient havmg a value of 0 07° per 1°, m reason- 

^ Molar and molal are used m a conventional sense only and are not to be construed 
as indicative of the actual molecular speoies that may be present in solution 
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able agreement with the value of 0 0G3° pci 1° reported by Stoddard and 
Dunn (9) for L-leucinc in G 08 m hydiothloiic acid 
The dependence of the specific lotation of L-leucine upon the concen- 
tration of the aqueous hydiochloiic oi sulfuiic acid used as a solvent was 
studied, and the data obtained aio piesented in Fig 1 In oidei to compare 
values for the specific rotation of n-leucine m aqueous hydrochloiic acid 
solutions repoitcd by othcis with those obtamed m this study, the former 
values ^\eie interpolated to a temperature of 25° and a hydiochloric acid 
concentration of 6 0 ’ll The values so obtained aie given m Table I 
Behavior of l-Lcuciuo tii Sulfuric Icid— The optical stability of L-leucme 
in 100 pel cent sulfuric acid was deteimined by piepaimg a 0 1524 m so- 


Tadh I 

6pcciyfc Rolalwn of l Lciicinc in 6 0 if Hydrochloric Acid at 25 


Author 

Value m literature 

Interpolated 

value* 


defrees 

degrees 

Bergmanu and Stem (1) 

15 33 (21% HCl, 24°) 

15 24 

Stoddard and Dunn (9) 

15 21 (6 08 M HCl, 25°) 

15 16 

Dunn and Courtney (14) 

151 (6 0 “ “ 25 9°) 

15 03 

Thomas and Niemann (this 
paper) 

14 85 (6 02 “ “ 25°) 

14 84 


* Interpolated to 6 00 m HCl and 25° 


lution of this anuno acid m 100 pei cent sulfuric acid and observing the 
specific rotation of the solution immediately after prepaiation and after it 
had stood at room terapeiature in an air-tight contamei foi 8 weeks No 
significant change was obseiwed The solution was then diluted with 
water, and the ammo acid was lecovered by precipitation with naphthalene- 
^ sulfomc acid and compaied with L-leucine naphthalene-^-sulfonate of 
hnoivn puiity The deteimmation of the mi\ed meltmg pomt, nitrogen 
content, and specific rotation failed to disclose any differences 

The eiyoscopic piopeities of L-leucme in 100 per cent sulfuiic acid weie 
studied by the method described by Hammett and Deyrup (15) The 
fieezmg point depression of 0 03 to 0 12 molal solutions of L-leucine in 100 
per cent sulfuric Lid was found to be 13 5° ± 0 2° per mole of ammo acid 
or approxunately 2 2 ± 0 05 times the depression caused by a non-electro 
lyte 

Beiamr of ^-Leueme « Olacal Acelvo specific lotatioa 0 

elacal acetic acid solutions contammg vaiying amounts of pe.c done acd 
“<1 1 0 gm of twice recrystallised L-leucme per oO gm of solution was 
tecimined at Tliei data aie given m Fig 2 For compaiatite 
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of water appieciably decieased the late of iitihzation of hydrogen With 
1 0 N h 3 ’'diogen chloiide and IG pci cent of uater the late of hj'drogenation 
A\ as m irkedly i educed 

AVith icetic acid as solvent 0 004 a hydrogen chloride increased the rate 
of leduction, but 010 n hydiogen chloiide suppiessed the absorption of 
hydrogen 


Plalinuin Catalyst 

The 1 eduction of the 12-caibonyl group m method 3(a)-hydro\y-12- 
kelo-A“ ‘'-cholenate was dependent on the oidei of addition of the keto- 
sleioid to the solvent If the ketosteioid and platinum o\ide veie added 
to the solvent at the same time, hydiogenation pioceeded satisfactorily 
If the platmum ovule ivas first icduced, hj’^drogen A\as not absoibed after 
addition of the steioid 

Other evidence foi the loss of activity of the catalyst uas affoided by 
the mabditj’^ of the platinum to reduce more than the amount of steroid 
initially piesent Aftei reduction of the 12-keto gioup of the starting 
mateiial the platinum catalyst was not effective foi leduction of further 
amounts of the same pioduct 

Not onlj' the late but also the extent of leduction of methyl 3(a)- 
hydio\y-12-keto-A^ "-cholenate w-as dependent on the amoimt of platmuni 
catalyst With not moie than 2 gm of platinum ovule pei mole of steroid, 
the catalyst appealed to be evliausted aftei i eduction of the 12-ketone, but 
wath laigei amounts of platmum (fiom 5 to 150 gm ) i eduction of the 
caibonyl gioup ivas mvaiiably followed by hydi ogeiiolysis of the 12- 
hydiovjd gioup and foimation of methyl 3(a)-hvdrovy-A*’ “-cholenate 

Selemum 

In almost all of the leductions of methyl 3(a)-hydiovy-12-keto-A® 
cholenate it is piobable that tiaces of selenium iveie present In some 
expel iments the amount of selenium was so great that utilization of hydro- 
gen proceeded onty foi a fraction of 1 molai equivalent It was then 
found that addition of moie platmum ovide without lemoval of the first 
portion wms not ahvays satisfactoiy How'evei, if the poisoned platmum 
was removed, addition of 2 oi 3 gm of platmum ovide pei mole of steioid 
usually brought about absorption of 1 molar equivalent of hydrogen The 
poisoning of the catalyst wuth selenium occurred m the eailiei experiments 
before a satisfactoiy method foi its removal had been defused , but it is 
probable that also m many of the latei large scale piepaiations tiaces o 
selenium iveie present This fact is pointed out, since it may seem likely 
that selenium may be an important factor m the reduction and that not 
only the late but the course of reduction Avas modified by selemum 
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Howevei, the lesultb of an e\tendcd investigation indicate that, except 
iMth legaid to the i.itc of hydiogenation, belemum does not modify the 
utilization ol hjdiogen In no instance was the sequence of lediiction 
changed by the piesence of selenium Invaiiably theie ivas leduction of 
the 12 -caibou 3 d gioup to an (a:)-hydio\yl oi (|8)-hydio\yl gioup, hydro- 
genolysis to foim methyl 3 («) -hydroxy- A® “-cholenate, and finallj'- leduc- 
tion of the double bond to give methyl hthocholate Foi the leduction of 
the A® ** bond fiesh platinum oxide was lequiied 

A compaiison of the lesults obtained vith vaiymg amounts of platmum 
with many samples of compounds which contained the 12-keto-A® 
groupmg cleaily indicates that traces of selenium exeit a favoiable influ- 
ence This IS because the activity of the platmum is modified to such an 
extent that hydiogenolysis of tlie 12-hydioxjd gioup does not occui With 
acetic acid-ethanol as solvent, as little as 3 gm of platmum oxide pei mole 
of steioid could cause hydiogenolj'sis of 5 to 10 pei cent of the 12-hydrox’yl 
group This Avas not obseived even ovei many houis if the amount of 
platmum vas i educed to 2 gm pei mole of steioid HoA\evei, if traces of 
seleiuum weie piesent, from 5 to 10 gm of platmum oxide pei mole of 
steroid could be used, the i eduction pioceeded lapidly and stopped abiuptly 
after utilization of 1 mole of hydi ogen 

Hydiogenation of Methyl 3(a)-Hydi o%y-12-leto-A° ^^-cholenate 

Hydiogenation of methyl 3(a)-hydioxy-12-keto-A® “-cholenate m etha- 
nol-acetic acid, 1 1, yielded an almost quantitative i eduction of the 
12-caibonyl group and gave a mixtuie of 12(a)-hydroxy and 12(/3)-hydiox'y 
compounds The extmction coefficient indicated the piesence of not moie 
than 1 6 per cent of unsaturated ketone Chi omatogi aphic sepai ation ivas 
not satisfactory, but the deteimmation of the specific rotation indicated 
that the proportion betiveen the a and foiras was about 1 4 The largei 
amount of the 12(|8) epimer wuth the hydioxyl gioup cis to the methyl 
group at Ci 3 IS m keeping AVith the mechanism suggested by Lmstead and 

associates (3) 

Direct isolation of either foim of the dihydioxy compounds epimeiic at 
Ci 2 01 of the acids after hydrolysis of the estei eluded diligent and ex- 
tended effort A derivative, methyl 3(a),12-diacetoxy-A3 “-cholenate, 
Avas separated and ciystalhzed until the meltmg point and specific rota- 
tion Avere constant This compound Avas different from the knoAA'n methyl 
3(a) , 12-(Q;)-diacetoxy-A® “-cholenate (4), and hydrolysis Avith alkali 
yielded a crystalline acid AA^hich AA'as different from 3(a),12(a)-dihy- 
droxy-A^ “-cholemc acid (4) However, both the neAA dihydroxy com- 
pound and its diacetate m methanol Avith a trace of hydrogen chloride 
gave an almost quantitative yield of methyl 3(a)-hydroxy-12(a)-methoxy- 
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‘‘-cliolenatc (1, 5), aud lu acetic acid Ritii a tiace of sulfunc acid the 
dihydroxj’’ acid \\as conveited into 3(a)-hjdro\T-12(Q:')-acetoxy-A^ ”-cho- 
lenic acid (4, 5) We maj conclude, therefore, that the compounds 
under discussion are 3(a),12(j3)-dih3Tho\3’’-A^ "-cholenic acid and methyl 
3 (q!) , 12(/3)-dia( etox 3 "-cholen ite 

Hydrogenation of Methyl 3{a)-Acetoxy-12-keto-\^ ^'-cholcnate 

Reduction of the 12-carbon3l group of methyl 3(a)-Tceto\'3-12-keto- 
A® ^'-cholenate (G) occuiied under the same conditions dcsciibed for the 
3(a)-hydro\y compound \Mth the absorpton of 1 mole of h 3 drogen 
Absoiption of hydiogen then stopped and i\hen the reduction products 
were separated by adsorption on aluimnum o\ide and elution, the 3 " iiere 
shown to be methyl 3(a)-aceto\3’’-12(a)-h3'dro\y-A“ ^'-cholenate (5, 6) and 
the epmieiic 12(^)-hydro\v compound The presence of the 3(a)-acetvl 
group compared Mith the 3(a)-li3'dio\yl group appeared to increase the 
ratio of the 12 (q!) epimer to the 1203) compound from 1 4 to 2 3 

Hydiogenohysis 

Hydrogenolysis of a group adjacent to a double bond has been observed 
m numerous compoimds (7), and it was found that the substituent at Ca, 
activated by the double bond Ca-Cu, could be quantitatively replaced with 
hydrogen m the piesence of Adams’ platinum o\ide cataly'st With 2 gni 
or less of platinum oxide pei mole of 12-ketosteroid onty 1 mole of hydrogen 
was utihzed With 3 gm oi moie of platinum oxide reduction of the 
carbon 3 d group w'as rapid and m addition h 3 'drogenolysis of the lydroxjl 
group at Ci 2 occuncd Meth 3 d 3(a)-h3'dro\3-12-keto-A® “-cholenate and 
both meth 3 d 3(Q:),12(a)-dih3'dio\3-A® "-cholenate and the epunenc 
1203)-1 i 3 dro\ 3 ' compound weie reduced to metlyl 3 (Q;)-h 3 dro\ 3 "-A^ 
cholenate (6) m acetic acid-ethanol, 1 1, in the presence of 100 gm of 
platinum catal 3 ’^st per mole of steroid Under smiilai conditions methyl 
3(a:)-h3"dro\3"-12(a)-aceto\3’--A® "-cholenate (4, 5), methyl 3(a), 12(«)' 
diaceto\y-A® "-cholenate (4, 5), methyl 3(a)-aceto\3'’-12-keto-A® "-chole- 
nate (5, 6), and methyl 3(«)-h3’^dio\3’^-12(a)-metho\3'--A® "-cholenate (4, 5) 
were reduced to methyl 3(a)-hydroxy-A’’ "-cholenate (6) (XIII)- or the 
acetate of XIII 

It has ahead 3 '^ been reported that m acetic acid meth 3 d 3,9-epox}'- 
A"-cholenate is very rapidb’’ reduced to meth 3 d 3(a)-hydro\'y-A® 
cholenate (6) The compound mentioned last or its acetate appears to be 
the first product formed by hydi ogenation w ith each of the eight compounds 


* See Table I 
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discubfaed m tliib bectioii In no uistante did i eduction of the double bond 
Cg-Cii occui befoie hydrogenolysis of the group at C 12 

EXPEIIIMENTAL 

In all experiments the pressure of hydiogen was about 1 atmosphere and 
was detei mined with a mercury manometei All samples of Adams’ 
platinum oxide weie piepared at 450° and theiefore weie piobably hy- 
drated In this paper they will be designated PtOs All melting pomts 

Table I 


Compounds Hydrogenated 


Compound 

Compound No 

Bibliographic 
reference No 

Methyls (a)-hydro\y-12-keto A’ 1 * cholenate 

I 

(1) 

3(a)-Hydroxy-12-koto A^ “-cholenic acid 

II 

(1) 

Methyl 3(Q:),12(a)-diacetoxy-A^ a cholenate 

III 

(4, 6) 

“ 3(a), 1203) diaceto\y-A’ “-cholenate 

IV 

* 

“ 3(a), 12(a) dihydroxy-A" “-cholenate 

V 

(4, 5) 

3(a),12(j3)-Dihydroxy-A’ “ cholenic acid 

VI 

* 

Methyl 3(a) aceto\y-12-keto A’ '‘-cholenate 

VII 

*,(6) 

“ 3(a)-acetoxy-12(a)-hydroxy A’ “- 
cholenate 

VIII 

(5, 6) 

Methyl 3(a)-acetoxy-120S)-hydro\y-A’ “- 
cholenate 

IX 

♦ 

Methyl 3(a)-hydroxy-12(a)-inethoxy A’ “- 
cholenate 

X 

(4, 5) 

Methyl 3(a)-hydroxy-12(a)-acetoxy A’ “- 
cholenate 

XI 

(4, 5) 

3 (a) -Hydroxy-12 (a) -acetoxy A* “-cholenic acid 

XII 

(4, 5) 

Methyl 3(a) acetoxy-A® “-cholenate 

XIII 

(6) 


* This paper 


were determmed on the Fisher-Johns apparatus The compounds hydro- 
genated are listed m Table I 

Hydrogenation of Methyl 3{a)-Hydroxy-12-T\,eto-^ ^^-cholenate (1) (7) 

In Methanol with HCl—A. solution of 4 02 gm of I m 50 cc of methanol 
Was shaken in an atmospheie of hydrogen in the presence of 50 mg of 
Pt02 In 12 mmutes 4 cc of hydrogen m excess of that reqmied by the 
catalyst weie absoibed, but no further uptake was observed m 3 hours 
Aftei the addition of 0 2 cc of concentrated aqueous HCl, reduction 
proceeded satisfactorily In 20 hours 0 98 mole of hydrogen was absorbed 
In Methanol with 0 05 n HCl—1 mole of I was dissolved m 1200 cc of 
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methanol and filteied through 10 gm of activated caibon 5 cc of con- 
centiated aqueous HCl to give 0 05 N HCl weie added 2 gm of PtO. 
weie used The absoiption of hydrogen, expressed as per cent of 1 mole, 
and the tune lequued m seven expenments were as follows 

Time, /trs , miH 17 JO 6 30 7 50 21 00 26 00 21 00 33 00 

% 99 99 99 100 100 99 100 

In Methanol with Vaiying Amounts of Water and Acid — ^The influence 
of mcieasmg percentages of water and of hydiogen chlonde is shoivn in 
Table II 


Table II 


Influcnco of ]Vator and Acid on Rale of Hydrogcnalton in Methanol 


Tunc 

Solution* 

Hi abiOibcd 

hrs 


mole 

1 

V 

0 43 


B 

0 32 


C 

0 19 


D 

0 10 

2 

A 

0 59 


B 

0 50 


C 

0 34 


D 

0 19 

1 

A 

0 72 


B 

0 66 


C 

0 52 


D 

0 34 

8 

A 

0 84 


B 

0 SO 


C 

0 72 


D 

0 58 

22 

A 

1 00 

21 

B 

0 98 

23 

C 

0 99 

23 

D 

0 98 


* Each of the four solutions was prepared with 4 02 gm of the same sample of I. 
30 mg of PtOj, and 12 cc of methanol The necessary amounts of w ater and aque 
ous HCl (12 n or 1 e) were added to give the following percentages of water and 
normalities of acid 


Solution 

HsO 

HCl 


per cent 

V 

A 

2 

0 05 

B 

6 

0 05 

C 

16 

0 05 

D 

16 

1 00 
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hi Ethanol anil with 0 Oo n JI Cl~A bolutioii of 4 02 gm of I in 50 cc of 
ethanol (95 pei cent) was shaken in an atmosphere of hydiogen m the 
presence of 50 rag of PtOj In 20 minutes 4 cc of hydiogen in excess 
of that requiied by the catalyst weie absoibed, but no fuithei uptake was 
recoidcd in the next houi Reduction pioceeded satisfactonly after 
addition of 0 2 cc of concentiated aqueous HCl and 1 mole of hydrogen 
was absoibed m 12 houis The uptake of hydiogen ceased at this point 
III Acetic Acid 48 6 gm of I ivith 250 mg of PtOa (2 3 gm per mole of 
steroid) in 250 cc of acetic acid absorbed 1 01 moles of hydiogen m 23 
horns 

121 gm of I m 500 cc of acetic acid with 500 mg of Pt02 (1 66 gm per 
mole) absoibed 1 01 moles of hydrogen m 23 hours 
In Acetic Acid with Small Amounts of HCl — 4 02 gm of I m 50 cc of 
acetic acid with 30 mg of PtOo and 1 cc of 0 10 n aqueous HCl (0 002 n) 
absorbed 0 99 mole of hydiogen m 16 hours In a similar experiment 
ivith 50 mg of PtOa and 2 cc of 0 10 N HCl (0 004 n), 0 92 mole of hy- 
drogen was absorbed m 5 hours and 1 04 moles after 21 horns 
In Acetic Acid with 0 10 n HCl — In three experiments 4 02 gm of 
I in 50 cc of acetic acid and 0 41 cc of concentrated aqueous HCl m the 
piesence of 50 mg of PtOa absoibed 5, 11, and 11 per cent of 1 molar 
eqmvalent of hydrogen i espectively m 1 hour The presence of 0 10 n 
HCl suppressed the absorption of hydiogen 
In Acetic Acid-Ethanol — 1 mole of I absorbed 1 mole of hydrogen m 
each of three experiments 600 cc of acetic acid, 600 cc of ethanol (95 per 
cent), and 2 0 gm of PtOj were used 33, 45, and 49 hours respectively 
were required 

Acetic Acid-Ethanol Solvent for Reduction of VII — The influence 
of varymg proportions of acetic acid-ethanol on the reduction of the 
carbonyl group of methyl 3(a)-acetoxy-12-keto-A® “-cholenate is shonm m 
Table III 

Influence of Selenium on Hydi ogenation — 98 gm (0 252 mole) of 3 (q:)- 
hydroxy-12-keto-A® ‘‘-cholenic acid (II) (4) ivith 500 mg of PtOs (2 gm 
per mole) in 400 cc of acetic acid and 400 cc of ethanol (95 per cent) 
absoibed 0 05 mole of hydrogen m 4 hours The solution was filtered and 
500 mg of PtOo were added 0 07 mole of hydiogen was absoibed in 8 
hoius The solution was filtered, and 500 mg of Pt02 were added 0 22 
mole of hydiogen was absoibed m 2 2 hours and 0 99 mole after 31 hoiiis 
The first portions of platinum contamed selenium 

Removal of Selenium from Platinum — Selenium is not removed fiom 
platmum by solution of the metal in aqua regia follon ed by precipitation of 
the chloroplatmic acid with ammonium salts Furthermore, selemum is 
not removed when PtOa is formed by fusion of salts of chloroplatimc acid 
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with sodium mtuite For the lemoval of selenium fiom platinum we have 
found that the method devised for the determmation of selenium m soil 
thiough volatilization of the tetiabiomide is satisfactory and can be applied 
conveniently (8) The accumulated platinum lesidues sepaiated after 
catalytic i eductions veie dissolved m aqua regia, and the watei and acids 
weie boiled off Concentrated hydrobiomic acid and 1 to 2 cc of bromine 
were added and the solution i\ as boiled The distillate i\ as condensed m 
an all-glass appaiatus and ivas tested foi the piesence of selemum by 
addition of SO 2 It ivas sometimes necessaiy to lepeat the distillation 
with one 01 moie poitions of hydrobromic acid and bromuie 
Aftei all selenium had been removed as shown by the absence of selemum 
111 the distillate, the lemaining hydiobiomic acid was boiled off and the 


T^ujle III 

Hydrogenation, of Methyl S{a)-AcUoxy-13 kcto A* " cholcnatc (VII) in Varying 
Amounts of Acetic Acid-Ethanol* 


Solution 1 

1 II» absorbed, per cent of 1 mole of Hr 

Acetic acid 

Ethanol 

1 30 xntn. 1 

1 1 

60 mm 

90 min 

120 min 

ce 

cc 

■■1 




6 

2 


69 

ss 

mSm 

4 

4 


73 

93 


2 


I ^ 

46 

64 

77 


* 0 001 mole of the same sample of steroid and 10 mg of PtO* wore used m each 
experiment 


biomoplatmic acid wms piecipitated wnth ammonium chloride Fusion 
of this salt with sodium nitiate as suggested by Voorhees and Adams (2) 
invaiiably yielded PtOa with a high catalytic activity 

Influence of Amount of Platinum — Several examples of the absoiption of 
moie than 1 mole of hydiogen pei mole of steioid aie included in the 
experimental' results In no mstance has utilization of hj'diogen exceeded 
1 mole m the piesence of 2 gm of Pt02 (Fig 1) 

Methyl S{a) ,12(fl)-Diacetoxy-A^^^-cholenale (77) { 4 , 5) fioni MetJnfl 
3{a)-Hydi oxy-12-keto-d2 ^^-cholcnatc — 10 2 gm (0 10 mole) of I 

w'eie dissolved m 250 cc of acetic acid and 250 cc of ethanol (95 per cent) 
and shaken m an atmosphere of hydrogen in the presence of 1 gm of 
Pt02 1 06 moles of hydiogen were absoibed in 1 horn and 36 mmutes 
The platmiim wms removed by filtiation and the solution wms concen- 
trated to a small volume 500 cc of benzene w ere added and the mixture 
wms washed with watei The benzene was lemoved under 1 educed pres- 
sure, and the ester was acetylated m 100 cc of pyridine and 100 cc 0 
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acetic anhydude at room temperature for 15 hours Benzene was added 
and the mi\tuie was shaken with watei, wath dilute hydiochloric acid, and 
with watei The benzene was lemoved under reduced pressure and the 
methyl 3(a) , 12(/3)-diaceto\y-A“ “-cholenate was crystallized three times 



Time in hours 


Fig 1 Curve I, 0 2010 gm (0 0005 mole) of methyl 3(a)-hydro\y-12-keto-A’ 
cholenate (I) was reduced in 10 cc of acetic acid with 50 mg of PtO- (100 gm per 
mole) Absorption of hydrogen proceeded until 1 99 moles had been utilized in 70 
hours Curve II, 4 02 gm (0 01 mole) of I in 25 cc of acetic acid and 25 cc of 
ethanol with 30 mg of PtO^ (3 gm per mole) Curve III, 0 404 gm (0 001 mole) of 
Iin25cc of acetic acid, 2 5 cc of ethanol w ith 2 mg of PtO (2 gm per mole) 

from 120 cc portions of methanol The pioduct weighed 27 8 gm and 
melted at 106 8-107° [a]o = +3° ± 2° (c = 1 m methanol) 

AnaZysisS-OaHwOs Calculated, C 71 28, H 9 07, found, C 71 16, H 9 20 

3{a) ,12(fi)-Dthydrox7j-A^ ^^-cholenic Acid (VI) from Methyl 3(a),12(fi)- 
diacetoxy-A^ ^^-cholenaie (17)— 13 44 gm of IV were dissohed at room 
tempeiatiue in 200 cc of methanol and 50 cc of 5 n aqueous NaOH 
After 18 hours the methanol was removed under reduced pressure, 150 cc 
of water were added, and the solution wms poured mto 200 cc of cold water 
which contained 30 cc of 5 n HCl The gianular precipitate which 

’ Analysis bj Mr William Saschek, Department of Biochemistrj , Columbia Uni- 
■versity, New York 
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separated Avas filtered and dissolved m loO cc of acetone 150 cc of water 
were added and the solution w as cooled to 0° The product which crys- 
tallized c\eighed 11 17 gin and melted at 105-107° Further dilution 
yielded a second crop (0 42 gm ), m p 103-106° 

The 11 17 gm i\eie leci-ystalhzed from 50 cc of ethei and 50 cc of 
benzene at 5° Dense ciystals (11 3 gm ) fonned slowly ovei several days 
and melted at 105-100° wth effervescence 
Foi analysis a sample was dned at 100° and 0 1 mm foi 24 houis 
11 85 pel cent of the weight was lost [ajo = -f31° ± 2° (c = 1 m meth- 
anol) 

Arialysts ^ — C tUisOt Calculated, C 73 SO, II 9 SI, found, C 73 60, H 9 SO 

Methyl S{a) ,13ia)-Diliydioxy-A^ ^'-cholenate (F) (j, o) andJfethylS(a),- 
12(fi)-Dihyd)Oxy-A^'^^-cholcnalc^ fiotn Methyl 3{a)-Hydioxy-12-leto-A^^'- 
cholenate (I) (1) — 0 404 gm of I w'as hydiogenated m 25 cc of acetic acid 
and 25 cc of ethanol (95 pei cent) with 2 mg of PtOe In 7 5 horn's 
0 983 mole of hydiogen had been absoibed and 1 01 moles of hydiogeii 
weie utilized aftei 22 houis The reduction pioducts woic treated as 
aheady desciibed 

The moleculai extinction coefficient m methanol of methyl 3 («)-h 3 - 
dio\y-12-keto-A'’ “-diolenate (I) was 11,950 Tlie extinction coefficient 
of the leduction pioducts was 203 Theiefoie not moie than 1 b per 
cent of I could have been piesent 

The specific lotation of the leduction pioducts was -f47° ± 2° (c = 1 01 
m methanol) Since the specihc lotations of the 12(a) and 12(i3) cpi- 
meric foims aie -bl04° and 4-31° lespectively, the latio of the 12(a) to 
the 1203) compound appears to be about 1 1 
Methyl 3{cx)-Acctovy-12-Lelo-A^ ^^-cholcnate {VII) (6) jiom Methyl 3{a) 
Hydwxy-12-keto-A^ ^^-cholenatc (1) — 2 01 gm of I wcie acetylated in 2 
cc of acetic anhydiidc and 2 cc of pyiidinc at loom tempeiatuie foi 
' 18 houis The ciystallme mass w'hich sepaiated w'as dissolved m 30 cc of 
benzene and w^ashed wnth wxatei, w'lth dilute hy^diochloiic acid, wnth dilute 
sodium bicaibonate solution, and with watei The benzene w'as lemoved 
undei reduced pressure and the residue was dissolved in 20 cc of methanol 
The first fraction which sepaiated w'eighed 1 84 gm and melted at 149 o- 
150°, the second crop weighed 0 24 gm and melted at 149 5-150° The 
two fractions were combined, dissolved in 20 cc of boihng methanol, and 
cooled to 0° The leciystallized material w^eighcd 1 91 gm and melted 
at 150-151° Wd = -}- 107° ± 2° (30 0 mg in 3 cc of chloiofoim) The 
molecular extinction coefficient at 240 mg was 11,600 

* Alethjl 3(a), 12 (/3)-dihj dro\y-A’ “ cliolenate has not been separated in crystal 
hue form The specific rotation of the ester piepared from the acid VI was Wd 
= 4-31°± 2° (c = 1 01 in methanol) 
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Methyl 3{a)-Aceloxy-12{a)-hyd)oa,y-A^-^^-cholenate (VIII) (5, 6) and 
Methyl 3(a)- Acetoxy-13(fi)-h7ydioxy-A^^^-cholenate (IX) from Methyl 3(a)- 
Aeetoxy-13-kelo-A^ ^^-cholenate (VII) (6) — 4 44gm of VII weie dissolved m 
25 cc of acetic acid and 25 cc of ethanol in the piesence of 30 mg of 
PtOo In 27 houis 0 983 mole of hydrogen was absoibed 
The solution was evapoiated undei leduced pressme, the lesidue was 
dissolved in benzene, and the acetic acid was lemoved with water The 
benzene w'as evaporated and the last tiaces were displaced with eth3d 
acetate The volume was made to 10 cc with ethyl acetate, 50 cc of 
petroleum ethei weie added, and the solution was cooled to 5° 3 60 gm 

of pioduct w'luch melted at 122-123 5° were separated [ajn = +64° ± 
2° (30 7 mg in 3 cc of acetone) 

Aftei reciystalhzmg thiee tunes fiom 5 cc of ethyl acetate and 50 cc of 
peti oleum ether, the weight was 2 34 gm and the meltmg point was 125 5- 
126° [a]n = +71° ± 2° (31 9 mg m 3 cc of acetone) 

1 gm w^as dissolved in 10 cc of benzene, diluted with 40 cc of peti oleum 
ethei, and adsoibed on a column of 30 gm of alummum oxide It was 
eluted with vaiying piopoitions of benzene and peti oleum ethei The 
specific rotation of each fraction was taken The fiist elutions with 
specific rotations in acetone which varied fiom +107° to +98° weie 
combined to give 257 mg Intermediate fractions ivith specific rotations 
%aiying betw^een +87° and +62° (402 mg) weie discarded The last 
fractions (286 mg ), w'hich weie removed ivith 4 per cent methanol m 
benzene, consisted laigely of methyl 3(Q:)-aceto\y-12(/3)-hydioxy-A= *>- 
cholenate [«]„ = +46° ± 2° (106 mg m 10 cc of acetone) 

This fraction was leciystalhzed twice from 0 5 cc of ethyl acetate 
and 5 cc of petroleum ethei The weight was 85 mg and the melting 
point was 100-101° [«]„ = +47° ± 2° (30 4 mg m 3 cc of methanol) 

Analysis^ — C 27 H, O, Calculated, C 72 61, H 9 48, found, G 72 75, H 9 36 

The firs|; fraction of 257 mg w+ich was laigely methyl 3(a)-aceto\y- 
12(Q:)-hyclioxy-A® ^'-cholenate was readsoibed on 8 gm of aluminum 
oxide and eluted with petroleum ethei -benzene, 1 1 67 mg thus obtained 

were crystallized fiom 0 3 cc of ethyl acetate and 4 cc of peh oleum 
ethei 33 mg ot material melted at 135—138 Wd — +112 d= 4 
(15 0 mg m 3 cc of methanol) 

The combmed weight of the next foui eluates, each of 50 cc of 1 1 
petroleum ethei -benzene, was 89 mg It vas crystallized fiom 0 3 cc 
of ethyl acetate and 4 cc of peti oleum ether 70 mg of crystals melted at 
105-106° After diymg at 100° and 0 1 mm for 18 hours the meltmg 
pomt was 116-117° [a]^ = +111° ± 2° (30 5 mg m3 cc of methanol) 

For identification of methyl 3(«)-acetoxy-12(a)-hydroxy-A^ “-cholenite 

* Analysis by Mr Joseph Alicino, Metuchen, Nei\ Jersey 
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(VIII), companson was made with a sample of tlus compound which had 
been 'piepaied by tieatraent of methjd 3(o£)-aceto\y-12-chIoro-A”‘- 
cholenate (5, 0) vith silvei caibonatc m aqueous acetone 500 mg which 
were piepaied as lepoited (G) weie puufied by chiomatography on alumi- 
num oxide Elution was accomplished with benzene and petroleum ether, 

1 9, and latei vith a highei pioportion of benzene A middle fraction 

which weighed 135 mg ivas crystalhzed fiom 0 5 cc of ethyl acetate and 
6 cc of petroleum ethei 123 mg of the product melted at 96-101°, 
reciystalhzed spontaneously on the melting point block, and remelted at 
105 5-106 5° 103 4 mg of the same sample, when dned at 100° and 0 1 

mm for 6 houis, lost 8 4 mg and then melted at 116-116 5° [aJn = 
-1-111° ± 2° (30 4 mg m 3 cc of methanol) 

Analysis^ — 02711, 0^ Calculated, C 72 01, H 9 4S, found, C 72 29, H 9 41 

The sample of methyl 3(a)-acetoxy-12(Q!)-hydio\y-A'’ “-cholenate pre- 
paied by reduction possessed piopoities which weie identical with those 
desciibed m the pieceding paiagiaph When the two samples ivhich had 
been dned were mixed together, the melting point was not depressed 

Howevei, the melting point is not a satisfactoiy criterion for identifica- 
tion 01 foi evidence of purity When equal pai ts (20 mg each) of methyl 
3(a)-acetoxy-12(oi)-hydioxy-A* "-cUolenate (m p 116-116 5°) and the 
epimeiic 1203)-hydroxy compound (m p 100-101°) were dissolved m 0 25 
cc of benzene and 3 cc of petroleum ether added, crystals separated which 
melted at 120-123° The specific lotation of the ciystals, [a]n = -1-81° ± 
3° (20 mg m 3 cc of acetone) indicated a mcxtuie of the a and y3 epimenc 
fonns m the pioportion of 53 47 It is inteiesting to note that the melting 
pomt of this imxtuie is about 7° above that of the a form and about 22° 
above that of the epimei The compound with the /3 configuiation does 
not separate with solvent in the crystal lattice, but the a epimer may 
crystalhze with solvent 

The molecular extinction coefficient of methyl 3(o:)-acetoxy-12-keto- 
A® '^-cholenate m methanol at 240 m^i w^as 11,600, and after reduction the 
extmction coefficient in metfianol was 122 This indicates the presence of 
less than 1 pei cent of unsatuiated ketone 

The specific lotation of the mixtuie of i eduction products which was 
taken befoie fractional ciystalhzation was -f 72° ± 2° (c = 1 115 m metha- 
nol) Smce the specific lotations of the epimeiie a and jS foims aie 
-(-112° and -t-47° respectively, the ratio of the tw^o forms was approximately 

2 3 

3{cL)-Hydroxy-12{ayaceloxy-A^^^-c}wlemc Acid {XII) (4, 5) from S(a),- 
12{^)-Bihydroxy-A^ “-c/wleiizc Acid (VI) — 780 mg of VI were dissolved m 
78 cc of acetic acid at room temperature and 2 6 cc of 5 n aqueous sulfunc 
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acid Aveie added iUtei 10 minutes 1 5 gm of sodium acetate were added 
and the solution was concentiated undei leduced pressuie almost to 
dryness The residue was distnbuted between ethei and water and the 
organic phase was washed with watei and concentiated to diyness under 
reduced pressuie The lesidue crystalhzed fiom absolute ethyl ethei to 
give 610 mg of the product Aftei leciystalhzation from methanol-water 
476 mg melted at 188-189° and did not depiess the meltmg point of 3(a)- 
hydro\y-12(a)-acetoxy-A^ “-cholenic acid (4) [a]i, = 4-206° ± 2° 

(32 2 mg m 3 00 cc of methanol) 

Methyl S(oi)-Hydioxy-12(a)-7ne[hoxy-A^^^-cholenate (X) ( 4 , 5) fiom 
Methyl 3{a),12(fi)-Diacetoxy-X>»-cholenale (77)— 2 44gm of IV, 11 cc of 
methanol, and 0 20 cc of 12 0 n HCl were placed in a glass-stoppeied flnst- 
with 5 gm of glass beads and rotated foi 16 hours All crj’-stals dissolved 
Aftei 3 days at loom temperature the solution was cooled to 5° and a m ps? ? 
of crystals separated After 48 hours 0 910 gm of product was filtered 
from solution Evaporation of the filtrate yielded a second ciop of 0 59 
gm The combmed crops were suspended m 6 cc of boilmg methanol 
which contamed 50 mg of sodium acetate and the solution was cooled 
to 5° The crystals which separated weighed 1 28 gm [aJi, = 4-131° 
± 2° (c = 1 015 m chloroform) The meltmg pomt (162-162 5°) was 
not changed when the product was mixed with an authentic sample of X 

Methyl 3{a)-H7jdroxy-12{a)~methoxy-A? ^'^-cholenate (X) (4, 5) from 
3 {ol) ,12(fi)-Dihydroxy-X‘ '^'■-cholemc Acid {VI) — 3 90 gm of VT, 22 cc of 
methanol, and 0 4 cc of 12 0 n HCl were allowed to stand at 5° for 3 days 
A very small amount of crystals sepaiated Aftei 1 day at 26° the suspen- 
sion of crystals which had separated was cooled to 5° for 24 hours and was 
then filtered 3 21 gm of product with a meltmg point of 161-162° were 
obtamed Evapoiation of the filtiate yielded a second ciop of 0 41 gm , 
which melted at 160-161° The two ciops weie suspended m 10 cc oi 
boihng methanol which contained 50 mg of sodium acetate The flask was 
cooled to 5° and 3 26 gm of the pi oduct were removed by filtration [aJn 
= 4-131° ± 2° (c = 1 006 m chloroform) The meltmg pomt (162- 
162 5°) was not depressed when the crystals were mixed with an authentic 
sample of X 

Hydrogenolysis — Hydrogenolysis of the seven compounds listed m 
Table IV was earned out as follows The steroid was dissolved m the 
solvent, the platinum oxide was added, and hydrogenation Mas earned out 
for the time mdicated The platmum was removed by filtration, the 
solvent was evapoiated undei reduced piessure, the residue nns dissohed 
m benzene, and the last traces of acetic acid Mere removed Mith Mater 
The benzene was evaporated under reduced pressuie and the residue, if an 
acid, was converted to a methyl ester Math diazomethane This treatment 
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was necessaiy foi compound VI In oidci to identify the pioduct of 
hydrogenolysis, the 3(a)-acetyl derivative was prepared with acetic 
anhydride and pyridme After lemoval of acetic anhydiide and pyndme 
by the usual pioceduie the acetyl compound was separated by crystalliza- 
tion fiom a mLxtuie of equal paits of acetone and methanol at 5° In each 
instance one leciystalhzation yielded a pioduct wth a specific rotation and 
meltmg point m agieement ivith that of an authentic sample of methyl 
3(a)-acetoxy-A'’ ’‘-cholenate (XIII) ([aln = -b58° m acetone, m p 137- 
138° respectively) and did not depress the melting point when muxed ivith a 


Tablb IV 

Hydrogenolysis of Substituents at Cu 


Compound 

No 

i 

Solvent, 
acetic acid 

Platinum oxide 

Time 

Hydrogen 

absorbed 

Methyl 3W 
acetoiy A' 
cholcnate 

(xm) 

obtalaea’ 


mBm 

cc 

gm per mole 

hrs 

moles 

«r 

I 


10 

100 

70 

1 99 

140 

III 


10 

100 

42 

0 94 

125 


0 5 

10 

100 

70 

0 96 

144 


0 6 

10 

100 

41 

1 00 

128 


10 0 

t 

100 

15 

1 25 

984 


1 0 

t 

160 

22 

0 98 

286 


0 5 

10 

100 

26 

1 00 

142 


* The weights of methyl 3(a)-aceto\y A® “-cholenato (XIII) do not indicate the 
total amount of this compound w hich had been formed A quantitative separation 
w'as not made and XIII was isolated for purposes of identification only 
t 26 cc of acetic acid and 25 cc of ethanol (95 per cent) 
t 5 cc of acetic acid and 5 cc of ethanol (95 per cent) 

sample of XIII The weights of XIII separated m each expenment are 
given m the last column of Table IV 

SUMMABT 

In the presence of Adams’ platinum oxide catalyst and hydiogen, the 
12-caibonyl gioup of methyl 3(a)-hydroxy-12-keto-A“ “-cholenate was 
almost quantitatively leduced to a muxture of the 12(Q;)-hydioxTl and 
12(j3)-hydroxyl groups Under the conditions used the piopoition of 
these two epimeis was 1 4 lespectively Hydrogenation of methyl 
3(a)-acetoxy-12-keto-A® i^-cholenate yielded the corresponding 12(a) and 
12(j3) epimenc hydioxy compounds m the piopoition of 2 3 
With 2 gm or less of platmum oxide per mole of steroid, utilization oi 
hydiogen> stopped aftei absorption of 1 mole With larger amounts of 
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plitinum oxide, hydioRenolybis of both 12(a;)-hydioxyl and 12(y3)-hydiox3d 
groups occuiied with foimatiou of methyl 3(a)-hydio\y-A® “-cholenate 
The 12(a)-aceto\yl and the 12(a)-methoxyI groups were also removed by 
hydiogenolysis 

Traces of selemum reduced the rate of utihzation of hydrogen but did not 
change the sequence in which the hydrogenation progiessed 
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THE CHEMICAL NATURE OF FAT-SOLUBLE MATERIALS 
WITH BIOTIN ACTIVITY IN HUMAN PLASMA* 

ADDITIONAL STUDIES ON LIP IDE STIMULATION OF MICROBIAL 

GROWTH 

B\ A E VXELROD, MILTON MITZ.f and KLAUS HOFMANN 

{From Ihc Deparbiienl of Chemtslry, Univcrsily of Pitlsburgh, and the Institute 
of Pathology, Western Pennsylvania Hospital, Pitishutgh) 

(Received for publication, May 3, 1948) 

In a recent papei, Tiager (I) desciibed the piesence of a material m the 
plasma of a vaiiety of animal species which on hydrolysis ivith acids or 
enzymes yielded a fat-soluble substance possessing biotm-hke activity 
In a subsequent publication (2) the lelationship of this substance to the 
course of avian malaria was repoited In connection ivith oui search foi 
othei forms of biotm m natural materials we had similaily obseiwed the 
presence m lyophilized human plasma of an ethei -soluble, neutral material 
capable of piomotmg growth of Lactobacillus arabinosus m the absence of 
biotm (3) Saponification of this material yielded a biologically active 
saponifiable fraction and a non-saponifiable fraction which was almost 
devoid of biological activity This finding is not m agieement with that 
of Tragei (1), who leported that the activity was present m the non-saponi- 
fiable fraction The acidic nature of our active material and the findmg of 
Williams and Fieger (4) that oleic acid possessed biotm-hke activity for 
Lactobacillus casei mdicated that the activity of oui substance might be 
attiibuted to its content of Imown fatty acids For fuither chaiacteriza- 
tion the crude acid fiaction was esteiified and the resultmg esters distilled 
and lesapomfied The regenerated acids were subjected to a lead salt- 
alcohol separation (5) and the activity was found m the liquid fiaction 
A spectrophotometiic analysis (6) of this liquid fraction indicated the pres- 
ence of approximately 48 per cent of monoethenoid acids (oleic acid), 40 
per cent of diethenoid acids (Imoleic acid), and 9 pei cent of tetiaethenoid 
acids (arachidonic acid) If the activity of the liquid fraction were due to 
the above components, it is obvious that its biological effects should be 
duplicated by a mixture prepaied fiom purified oleic, Imoleic, and arachi- 
donic acids m the above piopoitions Such a sjmthetic mixture vas pre- 
pared and its activity was identical with that of the liquid fraction On 
the basis of these results there is no need for postulatmg the existence m 

* Supported m part by funds from the American Cancer Societj and the Wdliams- 
Waterman Fund of the Research Corporation 

t Ciba Pharmaceutical Products Junior Research Fellow 
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human plasma of unknown ethei -soluble, biotm-attivc substances All 
of the activity is explicable in terms of known fatty acids 
In the course of the lead salt-alcohol fractionation, we consistently noted 
approximately 40 per cent loss m biological activity Although the liquid 
fraction represented only about 60 pei cent of the total fatty acid fraction, 
its activity pel umt weight was essentially the same as that of the staitmg 
mateiial The solid fraction ivas piactically inactive This observation 
led us to mvestigate the popibility of a syneigistic effect between the two 
fi actions Such an effect was actually obseiwed and explained the above 
loss m biological activity Followmg this, the inteiesting observation was 
made that syneigistic giowth effects weie piesent with a variety of fatty 
acids Foi example, it was noted that palmitic, steal ic, and vacccnic acids 
were also capable of exerting s 3 meigistic effects with the liquid fiactioii 
These fatty acids would be expected to accumulate m the solid fraction of 
a lead salt-alcohol fractionation and could easily explain its syneigistic 
effects It IS significant that none of these acids possessed anj"- appreciable 
growrth-promotmg activity when tested alone undei oui expeiimcntal con- 
ditions Sjmergism between the above fatty acids and oleic, linoleic, and 
arachidomc acids was also demonstrated The stimulatoiy effects of the 
sohd fraction and palmitic, stearic, and vaccenic acids upon the liquid 
fraction and the synthetic mixtuies of oleic, Imoleic, and ai ichidonic acids 
were identical This constitutes furthei support for the concept that the 
activity of the liquid fraction is due to oleic, linoleic, and arachidomc acids 
In addition, the lesponse of vaiious miciooigamsms to a variety of lipides 
has been determined and a preliminaiy study of the effects of structural 
modifications of the oleic acid molecule upon its biological activity has been 
made 


EXPERIMENTAL 

I Microbiological Assay Procedwes 

Biotm activity was deteimmed by the following pioceduies Lacto- 
bacillus ardbinosus (7),‘ Lactobacillus casei (8),- Saccharomyces cerevisiae 
(9),® and the Stoddard (10) stram of Streptococcus haemolylicits, gioiip C, 
mucoid phase (11) For the latter oiganisra, the foUmvmg modifications 
of the published procedure (11) weie made The medium was supple- 
mented with the following compounds per htei of double stiength medium 

1 !■- Asparagine (0 01 per cent) was added to the basal medium which was adjusted 
to pH 6 6 before autoclaving 

> An incubation period of 96 hours was employed The medium with biotin omit 
ted was adjusted to either pH 6 8 or 5 6 

> The cidtures were grown in 50 ml Erlenineyer flasks at 30° 
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sodium acetate SHoO, 40 gm , sodium citiate 2HoO, 1 gm , L-asparagme, 
200 mg , guanine, 20 mg , xanthine, 20 mg , pyiidoxal hydiochloride, 2 mg , 
pyiidoxamine dihydrochloiidc, 2 mg , p-ammobenzoic acid, 0 1 mg , 
t-inositol, 1 mg , pteioylglulamit acid, 1 7 The medium with biotm 
omitted Mas adjusted to pH 6 5 01 5 5 and the cultmes grown at 37° for 
eithei 24 01 48 houis 10 ml of medium were added per culture tube 
Pei iodic neutialization with alkali wns not earned out The variations m 
pH and mcubation time did not affect the extent of giowth of the Strepto- 
coccus haeinolyttcus in lesponse to the vaiious lipides 

iUl of the above media aie low in biotm and aie adequate foi giowth when 
supplemented with biotm Foi the lactobacilli assays, giowth was detei- 
mmed by acidimetiic titiation ivith a Beckman pH meter Foi the lemam- 
mg two oiganisms, giowth was estimated turbidunetricaUy m the Evel3Ti 
photocolorimeter The biotm activity of the vanous lipides was calculated 
from a standard biotm cuiwe simultaneously determmed and expressed as 
millmiicrogiams of biotm pei mg of substance 

The lipides iveie dissolved m ledistiUed 95 pei cent alcohol for assays 
-fVinounts of solution langmg fiom 0 05 to 0 30 ml w'eie added pei assay 
tube, and the final volume adjusted to 10 ml by suitable additions of 
medium and watei The toleiance of the organisms to alcohol was gieatei 
than 0 3 ml per 10 ml and this quantity was nevei exceeded 

II Isolation of Lipicle Fi actions from Human Blood Plasma‘s 

Extraction — The isolation of the ethei -soluble fiaction from human blood 
plasma was earned out essentially accordmg to the procedure of Tiagei (1) 

A mixture of 9100 ml of distilled w^atei, 900 ml of concentiated sulfuric 
acid, and 1000 ml of human blood plasma (piepaied from commercial 
lyophihzed blood plasma) was autoclaved at 15 pounds pressure for 1 houi 
After cooling to room tempeiatuie, the contents w^eie filtered thiough a 
38 5 cm Reeve Angel No 820 fluted filtei The filter papei containing the 
daik precipitate was exti acted evrth thiee 1000 ml portions of ethei The 
combined ethei extiacts weie washed wnth thiee 500 ml portions of 10 pei 
cent sodium bicaibonate solution and thiee 500 ml portions of distilled 
ivatei, and diied over sodium sulfate The ethei was evapoiated and the 
residue dned to constant weight in vacuo over phosphoins pentoxide, 5 4 
gm of a dark blown waxy material weie obtamed (fiaction I, biotin 
activity = 16 my per mg ) This fraction is comparable to the fat-soluble 
fiaction of Tragei 

Saponification — ^Fiaction I (40 gm ) xvas lefluxed undei nitrogen for 6 
houis mth 720 ml of an alcoholic potassium hydroxide solution (12) 
Aftei cooling, 1500 ml of distilled water were added, and separation into 

* Laclobacilliis arabinosus ^\‘i3 utilized as the test orgauism in thcae studies 



268 


BIOTIN-LIKE ACTIVITY OF LIPIDES 


saponifiable and nou-saponifiable fractions was made in the usual manner 
The non-saponifiable fi actions weighed 12 4 gra (fi action II, biotm activity 
= <0 15 mv pel ing ), -while the saponifiable material weighed 26 0 gra 
(fiaction III, biotin activity = 58 m-y per mg ) 

Estenficalion — ^Fiaction III (2b 0 gin ) was e&teiified with diazomethane 
m the usual mannei , and the lesultmg methyl esters sepaiated from residues 
by distillation undei nitiogen An estei fiaction boilmg from 105-110° at 
0 005 mm and w'eighmg 22 0 gm was obtained (fraction IV, biotm activity 
= 10 my pel mg ) The distillation residues (biotm activity = <0 15 my 
per mg ) weie not mvestigated further 
Resapontficahon — Saponification of fraction IV (22 0 gm ) wnth metha- 
nolic potassium hydio\ide under nitrogen, and isolation of the resultmg free 
acids m the usual manuci, yielded 20 6 gm of an acid fiaction (fraction V, 
biotin activity = 61 my per mg ) 

Lead Sali-AIcohol Saparalion — Fiaction V was sepaiated mto sohd and 
liquid acids by a modification of the TwntcheU piocedure (5) Fraction V 
(20 gm ) w'as dissolved m 200 ml of hot 95 per cent alcohol and this solution 
w'as added to a hot solution of 12 gm of lead acetate 311-0 m 200 ml of 
alcohol and 2 ml of glacial acetic acid The mexture was alloived to stand 
at 15° foi 12 houis The solid lead soaps weie collected on a Buchner 
funnel and w'ashed w'lth a small quantity of cold 95 pei cent alcohol The 
soaps w'eie then leciystallized fiom 400 ml of 95 pei cent alcohol contammg 
0 5 ml of glacial acetic acid The corabmed filtrates and mother liquors 
fiom the sohd soaps weie evaporated under nitrogen and the liquid acids 
liberated by wairamg with 2 N hydiochlonc acid and extiacted with ether 
From the washed and diied ether extiacls 13 0 gm of liquid acids (fraction 
VI, biotm activity = 02 my pei mg ) w'eie obtamed The sohd lead soaps 
were converted mto the fiee fatty acids as desenbed for the liquid acids, 
and 5 5 gm of sohd acids were obtamed (fraction VII, biotin activity = 

0 10 my per mg ) 

Characterization of Fiaction VI — spectiophotometiic analysis (6) of 
fiaction (lodme numbei = 151 4) mdicated a composition of 48 4 per 
cent of monoethenoid acids (oleic acid), 40 3 pei cent of diethenoid acids 
(Imoleic acid), and 9 1 pei cent of tetiaethenoid acids (aiachidonic acid) 
In 01 del to identify the linoleic acid by a ciystallme deiivative, a 1 gm 
sample of the fiaction was biommated m ether, and 238 mg of tetrabromo- 
stearic acid (m p 114 5-116°) weie isolated m the usual manner (13) 

\.Ti(ilysis — CisHj 0 Bn Calculated C 36 03, H 5 37, Br 53 27 
Found “ 35 89, “ 5 04, “ 53 38 

The amounts of ether-insoluble biomides obtained w^ere msufficient for 
characterization 
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III Preparation of Synthetic Mixtuie of Oletc, Linoleic, and 
Arachidonic Acids 

A mL\tiiie of 480 mg of oleic acid, 400 mg of Imoleic acid, and 90 mg of 
aiacliidomc acid i\as dissolved m ethei, the ether lemoved in vacuo, and the 
lesulting mixtiiie diied to constant weight in vacuo The mixture had an 
iodine niimbei of 138 5 (biotm activity = 60 my pei mg ) 

Tculb I 


icUvaling I Jftcts of Solid I' raclion upon Btoltn Like ■iciiviiy of Liquid Fraction and 

Synthetic Mixture 


Solid fraction* 

Liquid fractionf 

Synthetic mixturct 

Biotm activity 

7 per tube 

7 per tube 

7 per lube 

my per lube 


30 


0 20 

5 

30 


0 28 

15 

30 


0 40 

30 

30 


0 44 

60 

30 


0 54 

100 

30 


0 55 


SO 


0 30 

75 

50 


0 65 

150 

50 


0 65 

300 

50 


0 63 



30 

0 IS 

30 


30 

0 43 

60 


30 

0 52 


* Solid fraction from lead salt-alcohol separation of fatty acids from human 
plasma This fraction alone possessed no grow th promoting activity in the quanti- 


ties employed 

t Liquid fraction from the same lead salt-alcohol separation 
t Oleic, linoleic, and arachidonic acids (c/ Section III) 

IV Synergistic Growth Effects beiwen Different F atty Acids^ 

Expet iments illustrating the synergistic effects betcieen ceitam fatty acid 
fractions ob tamed from human blood as well as ceitam purified fatty acids 
are shoivn m Tables I and II The stimiilatoiy effects of the solid fraction 
obtamed from a lead salt-alcohol separation of the fatty acids fiom human 
plasma upon the coriespondmg liquid acids and a mcxtiire of oleic, linoleic, 
and arachidonic acids aie illustrated m Table I It may be seen that 30 y 
of the solid fraction can maikedly stimulate the biotin-like activity of 30 y 
of both the liquid fi action and the synthetic muxture It is particularly 
significant that the degree of stimulation vas practically identical m both 
cases This findmg, m conjunction ivith the similarity m grov th-promotmg 
activity previously described, provides strong support for the concept that 
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the biotm-lilvc aclu ity of the liquid fiactioii is due to its content of oleic, 
Imoleic, and aiachidonic acids The degiee of stimulation is, within certain 
limits, a function of the amount of the solid fraction added Thus maxi- 
mum stimulation of 30 7 of the liquid fiaetion is obtained in the presence of 
60 7 of the solid fraction 

The results obtamed with the complex plasma fractions made it desiiable 
to investigate the syneigistic effects between purified fatty acids V 
detailed investigation m which varying combinations of fatty acids weie 
employed is summarized in Table II To simplify the discussion, vaccenic 
acid and the solid fraction are included among the “saturated” acids 


Tabld II 

Synergtaltc Effects beliLcen Various Fatly Acids 
The values are expressed as milhimcrograms of biotm activity per assay tube 


Unsaturated aada* 

No addition 

1 plus 60 7 per tube otf 

IVaccenict acid 

■ 1 

Palmitic acid 

1 Stearic acid 

1 Sobd fractions 

Arachidouic acid 

0 05 


0 20 

■Bl 

mSM 

Linoleic acid 

0 12 

0 47 

0 35 

mmm 

mSm 

Oleic acid 


0 63 

0 29 



Liquid fractionll 


0 C3 

0 53 


■Bl 

Synthetic mixturclf 

■B 

0 58 

0 56 

0 28 

mm 


* 30 7 per tube 

t In the concentrations employed, these acids alone were devoid of grow th pro 
moting activity 

t Prepared as previously described (14) 

§ Solid fraction from the lead salt-alcohol separation of fattj aoids from human 
plasma 

II Liquid fraction fiom the same lead salt alcohol separation 

^ Oleic, linoleic, and aracliidonic acids (cf Section HI) 

Amounts of the misatuiated acids langing fiom 30 to 100 7 per tube ivere 
assayed alone and m the piesence of varymg quantities (5 to 300 7 per tube) 
of the “saturated” acids In this mannei, both the absolute quantities of 
unsatuiated acids and the lelative piopoitions of “saturated” acid to 
unsaturated acid weie varied In general, the degree of stimulation was 
dependent upon the latio of “saturated” to unsatuiated acid S3Tieigistic 
effects were first observed at a ratio (“satuiated” acid in gm pei unsat- 
urated acid 111 gm ) of 0 5 and reached a maximum at a ratio of 2 0 The 
results given in Table II ivere obtained ivith this latter proportion It is 
apparent that the synergistic effects of the “saturated” acids increased m 
the following order stearic, palmitic, and vaccenic acid Most striking 
was the stimulating effect of the “saturated” acids upon arachidonic acid, 
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which itbclf lb almost devoid of biotm activity Oleic and linoleic acids 
weie stimulated to appioximately the same degiee by the “saturated” 
acids In addition to the “satuiated” acids listed in Table II, slight activa- 
tion of oleic acid vs ith capioic, capiylic, capric, and myiistic acids was noted 
Lauiic acid inhibited the growth activity of oleic acid 
It may be seen fiom Table II that the stimulatoiy eftects of vaccenic, 
palmitic, and steaiio acids upon the liquid fiaction and the synthetic mi\- 

1 VBI h III 

Biolin Like icliviltj of Vaiiout, Lipidcs 


The V aluefa arc c\prcsscd as millimicrogranis of biotm pei mg of substance 


Ltpide 

L arabinosus 

L casts 

S cerevtsiac 

S hatmolyltcus 

pH 6 8* 

pH 5 5* 

Oleic acid 

6 0 

5 0 

11 5 

0 60 

<0 05 

Linoleio acid 

4 0 

0 58 

1 4 

<0 05 

<0 05 

Elaidic “ 

1 0 

10 5 

15 2 

<0 05 

<0 05 

Methyl oleate 

3 2 

0 75 

1 3 

<0 05 

0 16 

Stearic acid 

<0 05 

<0 05 

<0 05 

<0 05 

<0 05 

Tween. 80 

0 58 

1 4 

2 9 

0 32 

0 55 

Cholesterol 

<0 05 

<0 05 

<0 05 


<0 05 

Vaccemc acid 

1 2 

6 0 

5 3 

<0 05 


Fraction If 

1 6 

3 3 

6 6 

<0 05 

<0 05 

“ lit 

<0 15 

<0 05 

<0 05 

<0 05 

<0 05 

“ in§ 

5 8 

2 2 

10 5 

<0 05 

<0 05 


* pH of the medium before autoclaving 
t Ether-soluble fraction from human blood plasma 
t Non saponifiable portion of fraction I 
§ Saponifiable portion of fraction I 

tuie of fatty acids aie identical These effects aie similai to those observed 
with the solid fraction 

V Biohn-Ltke Achmty of Vanous Lipides for a Numbei of 
Mtciooigamsms 

The biotm-liLe activity of vanous lipides foi Lactobacillus arabinosus, 
Lactobacillus casei, Sacchai omyces ceievisiae, and Streptococcus Iiaemolylicus 
was deteimmed and the lesults summarized in Table III It is of mter^t 
to note that the oiganisms fall mto two classes with regaid to then stimula- 
tion by hpide materials On the media employed, the biotm lequiiement 
of the lactobaciUi could be satisfied by a numbei of lipides In contrast, 
these hpides weie, with but few exceptions, unable to substitute foi biotm 
in the nutiition of Saccharomyces cereiisiae and Streptococcus haemolyticus 
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that the growth-stimulating piopeitics of these compounds would serve as 
the basis foi microbiological as‘;a3’' pioceduies When the complex intei- 
lelationships between the vaiious fattj'' acids described m this paper were 
observed, it became e\ ideiit that the miciobiological assay wxns unsuitable 

SUMJLVnX 

1 The biotin-like activity for Laclohacillus arabinosus of the fat-soluble 

fraction of human plasma is explainable m teims of its content of luiowii 
fatty acids ^ 

2 Pionounced simeigistic giowth eftects between vaiious fatty acids 
have been demonstiated m Lactobacillus aiabinosus 

3 The response of various miciooiganisms to a vaiietj" of lipides has 
been detei mined 

4 Piehminary studies of the effects of stnictuial modifications of the 
oleic acid molecule upon its biological activ itv hav e been conducted 

We wish to express oui thanks to Di B F Daubeit for the purified fatty 
acids and for the spectiophotometiic work, to Di Eiich Baei for the oleyl 
alcohol, to Di Campbell IMoses for the lyophili/ed human plasma, and to 
the Atlas Pow dei Companj' foi the Tw een 80 We ai e indebted to Miss 
Patricia Williams for technical assistance 
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A STUDY OF THE ASSAY METHOD FOR THE GUINEA PIG 
/\NTISTIFFNESS FACTOR* 


BERT E CHRISTENSEN, M B NAFF, VERNON H CHELDELIN, 
AND ROSALIND WULZEN 

{from the Dcpai Iments of Chemistry and Zoology, Oregon State College, Corvallis) 
(Received for publication, April 16, 1948) 


In 1941 Wulzen and Bahis (1) reported a chaiactenstic musculai stiff- 
ness at the wrist among gumea pigs on a skim milk diet, which progressed 
in mtensity over a period of months Autopsies of deficient annuals re- 
pealed extenswe calcification throughout the muscles and mtemal organs 
Raw cream fed by mouth was found to alleviate the wrist stiffness pvithm a 
few days, although disappearance of calcium phosphate deposits required 
many months 

A procedure for the isolation of a factor present m raw cream which cured 
an mduced stiffness in gumea pigs was described in 1943 (2) 3 mg of the 

factor were isolated from 15 gallons of raw cream The compound was re- 
ported to be an oily ketone (steioid) which was very susceptible to at- 
mospheric oxidation and was active m dosages of 0 1 7 

The factor present m cieam was later traced to the molasses which had 
been added to the diet of the cow, mcieasmg theieby the origmal amount m 
cream This led to the use of molasses and finally to unheated cane juice 
as a source of the factoi The procedure for the isolation from molasses or 
cane juice has been reported ( 3 ) 100 mg of a factor (pure white leaflets, 

m p 81 5-82°) pveie isolated from 55 gallons of cane juice, which was 
very susceptible to atmospheric oxidation and was active m dosages of 

00027(3) 

Three reviews ( 4 ) have pomted out the need for the confirmation of 
this pvoik by other laboratories, as well as information regardmg the re- 
liability and Imiitations of the assay Experiments of this nature Mve 
been published recently by Oleson and coworkers of the Lederle Labora- 
tories (5) These have confirmed the existence of a stiffness syndrome, as 
weU as the curative power of a crystalhne material derived from cane jui^, 
when fed in a 5 7 dosage Furthermore, several compounds related to the 
common sterols were reported which exert a similar curative effect 


* This iiork was supported by the Williams Waterman Fund of the Research Cor- 
poration. New York, and the General Research Council of the Oregon State Sjatem 
of Higher Education, Corvallis Published with the approval of the Monographs 
Publication Committee, Research paper No 123, School of Science, Department of 
Chemistry 
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Since the woik on the isolation and identification of the natural factor at 
Oiegon State College was mtermpted/ experiments were undertaken by the 
authois to confiim the earlier work and cany the problem to completion 
Samples of molecularly distilled cane wax (equivalent ivhen first made to 
that reported as containing 10,000,000 units of activity per gm of material 
(3), cuiative m 0 1 7 dosage) weie obtamed for this purpose from Eh Lilly 
and Company - However, ivhen this material was separated mto vanous 
fractions by means of a flowmg chromatograph, it was not possible to 
follow further concentration changes The results from the assay were 
frequently contradictory and the precision was so low that further con- 
centrations of the active pimciple could not be follow'ed wnth any degree 
of certainty 

Although the assay has evidently been adequate to establish the pres- 
ence or absence of the syndrome, additional evidence is requiied to fix its 
limitations and to ascei tain whether it can serve as an analytical tool for 
isolation of the natural factor Since this is a crucial matter, a careful 
check of the assay pioceduie was undertaken 

This problem was approached by dilution expciiments as well as other 
treatments Samples of the wax weie prepaicd m various dilutions 
These weie assayed and the results clearly mdicate no differentiation 
among animals fed wax ovei a several fold concentration lange They con- 
firm the Lederle experiments (5) winch show that there is no significant dif- 
ference in animals fed the 1 and 5 7 dosages 

The wax w'as also subjected to a number of treatments (adsorption, 
molecular distillation, treatment with pure oxygen at 100° for 24 houis, 
removal of the ketone fraction, fractional ciystallization, etc ) which 
should yield fractions with vaiymg degrees of potency These materials, 
together with a number of other samples (i e ertion, the Lilly factor, an 
active sterol (Lederle), and Cuban cane wax)- which for various reasons 
were thought to possess marked activity, w'eie submitted to assay The 
identities of aU samples w^ere unlaioivn to the analyst at the time the as- 
sa3^s were performed iVll the data obtained over a period of 1 year, in wduch 
duplicate assays (m groups of three to eight animals) were made, are tabu- 
lated in Table I 

If the method has quantitative value, there should be significant differ- 
ences among the assays of the animals receiving the different treatments 

1 Due to the resignation of Dr W J van Wagtendonk to accept a position at the 
Unuersity of Indiana 

> The authors are indebted to Dr A L Caldwell of Eli Lilly and Company for tn 
samples of cane wax and the highly active component of cane wax, to Dr A J 
Kunsohner of the Nutrition Research Laboratories for samples of ertron, and to Wr 
George P Van Dooren for samples of Cuban sugar cane w ax 



Table I 


Assays on Materials Used in Treatment of Cane Wax 


Group No 

Treatment No 

Material tested 

Dosage 

Change per 
animal unit* 




7 


70 


Negative control 


-0 1 

71 




-0 3 

75 


tt it 


-0 3 

77 




0 8 

82 


ti ti 



89 





103 


tt tt 


0 1 

107 


tt tt 


-0 1 

112t 


tt tt 


0 7 

157 


tt tt 



163t 


tt tt 


1 3 

172 




0 7 

119 

1 

Lederle sample 


-0 1 

173 

1 

« “ 


0 8 

183 

1 

tl « 


0 0 

174 

2 

<1 « 

5 

0 2 

176 

2 

» « 

5 

0 1 




mg 


143 

3 

FA 5 

6 


165 

3 

“ 

6 

0 8 

161 

4 

FB-1 

6 

0 4 

155 

4 

ti 

6 

0 6 

102 

5 

Wax 2 

6 

1 2 

116 

5 

“ 2 

6 

1 9 

184 

5 

“ 2 

6 

1 0 

74 

6 

Ketones, Wax 2 

1 


90 

6 

« “ 2 

1 


134 

7 

« “ 2 

6 

1 8 

139 

7 

>1 “ 2 

6 

1 4 

162 

7 

« “ 2 

6 

0 4 

168 

7 

« “ 2 

6 


135 

8 

Non-ketones, Wax 2 

6 

0 0 

140 

8 

<1 << 2 

6 


136 

9 

Adsorbed, Wax 2 

6 


142 

9 

“ “ 2 

6 

0 5 

133 

10 

Unadsorbed, Wax 2 

6 

0 8 

141 

10 

“ 2 

6 

0 2 

169 

11 

Fraction FB-6 

6 


159 

11 

(( « 

6 

0 7 

76 

12 

Cuban wax 

1 

1 3 

93 

12 

(( << 

1 


78 

13 

Ertron 

1 

1 1) 

94 

13 

(( 

1 

1 7 

166 

14 

Oj, 24 hrs , 100°t 

6 

1 0 

170 

14 

“ 24 “ 100° 

6 


171 

14 

“ 24 “ 100° 

6 

1 6 
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TABiiB I — Concluded 


Group No 

Treatment No 

Material teated 

Dosage 

Change per 
anunal umt* 

175 

14 

Oa, 24 hrs, 100“ 

ms 

6 

0 0 

B 

15 

Wax 5 

10 

0 0 

E 

15 

“ 5 

10 

0 0 

G 

16 

“ 5 

10 

0 0 

128 

16 

5 

6 

2 1 

137 

16 

“ 5 

6 

1 2 

147 

16 

“ 5 

6 

-0 1 

A 

17 

“ 5 

1 

0 0 

C 

17 

■' 5 

1 

0 2 

D 

17 

“ 6 

1 

0 0 

F 

17 

“ 5 

1 

0 5 

125 

18 

“ 3A 

6 

1 2 

138 

18 

“ 3A 

6 

0 3 

148 

18 

“ 3A 

6 

1 9 

I 

19 

Lilly factor 

0 1 

0 3 

J 

19 

<C (< 

0 1 

-0 3 

122 

20 

Wax 2 (new ) 

6 

-0 2 

185 

20 

<( <> (1 

6 

1 1 

157 

21 

Fraction FB-4 

6 

1 5 

177 

21 

i€ it 

6 

0 2 


* The total change with the 1 to 4 system, described previously (3), is given as 
the sum of the changes in the readings of left and right paws for all animals over a 
period of 1 week A change in reading from 3 to 1 m one paw, for example, cor- 
responds to 1 unit 

t Negative controls. Groups 112 and 163, contained 0 2 to 2 mg of fat acid 
jWax 2 


In ordei to determine this a statistical analysis’ was made of all the tests m 
Table I, the negative contiols and the animals for which the reading m 
either paw was missmg bemg excluded In all, the statistical study deals 
■with twenty-one treatments and 53 groups of animals, consistmg of 162 
mdividuals The lesults of the analysis aie shoivn m Table II 
Table II gives three souices of variation, namely, (a) the variation among 
the different treatments, (6) the variation among the gioups which i eceived 
the same treatment, and (c) the variation among the animals which hap- 
pened to be m the same arbitrary group The three variances listed m 
Table II are the respective quantitative measures of these variations The 
ratio of the group variance to the animals’ variance is given in Table II as 
3 40 As the 1 per cent level of Snedecor’s F distribution, ivith 32 and 109 


’ Statistical treatment of the experimental data was carried out by Dr Jerome 


R Li of the Oregon State College Mathematics Department 
express their gratitude for his helpful suggestions 


The authors wish to 
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degiees of fieedom, is less than 1 89, this vaiiance latio, 3 40, indicates 
that the vaiiation among the groups is significantly greater than that 
among the animals within each group, despite the fact that the animals 
were arbitrarily divided into different groups 

There is no obvious factor which should cause the various gioups to react 
diffeiently to the same tieatment Some factor not fully controlled such as 
the incidence of infectious disease m the animal colony oi deteiioration of 
the physiological activity of the specimens with time may have contributed 
to statistical uncei tamty Wliatever the reason may be, it illustrates the 
inadequacy of the method for quantitative assay purposes m its present 
form 

The vanance 1 4302 due to the tieatments is approvimately equal to the 
variance 1 3796 due to the groups which receive the same treatment The 
vanance ratio is 1 04 This clearly mdicates that the diffeient treatments 


Table II 

Analysts of Variance 


Sources of variation 

Degrees of 
freedom 

Sum of squares 

Variance 

Variance ratio 

(o) Treatments 

20 

28 6030 

1 4302 


(6) Groups within treatment 

32 

44 1461 

1 3796 

3 40 

(c) Animals within group 

109 

44 2509 

1 0 4060 


Total 

161 

117 0000 




do not show different effects m this expeiiment and that it is not possible 
to differentiate among animals fed samples of materials from cane wax and 
other sources 


DISCUSSION 

Smce the data presented heie, togethei ivith those from the Lederle 
report, mdicate that it is not possible to make comparisons of relative 
activity with stiffness measuiements ivithin a several fold concentration 
range, it seems doubtful whethei any concentiations other than an almost 
perfect separation, such as removal of wax from cane juice by ethei ex- 
traction, could be followed The distribution of active materials resulting 
from the tieatment of cane vax either by clmomatogiaphy, molecular 
distillation, or fractional crystallization would hardly be likely to occur m 
such favorable ratios as to permit differentiation between various fractions 
by this assay procedure Considermg (a) the fact that Oleson and co- 
workers have shown a number of common sterols to possess antistiffnesa 
activity, (6) the low sensitivity of the assay, and (c) the distribution usually 







280 


STUDY OF ASSAYS OF ANTISTIFFNESS FACTOR 


effected m isolation woik, it does not seem strange that all the fractions 
isolated m this laboratoiy appeared relatively equal m activity and that 
diffeientiation between them is an impossibility 

SUaiALlRY 

The assay piocediiie (2, 3) foi the guinea pig antistiffncsa factor has been 
studied iiith lespect to ito lepioducibility and sensituity of measurement 
ovei a seveial fold concentiation innge of active sugai-cane i\ax Sta- 
tistical analyses of the icaults indicate that theic are no significant dif- 
ferences among samples of wax leceiving different chemical treatments 
It is concluded lhal the assay 'procedure ts not suitable for quantitative analyti- 
cal purposes 
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THE ISOLATION AND PROPERTIES OF PHOSPHO- 
GLUCOMUTASE 

By victor a N \JJAR* 

{From the Department oj Biological Chemistry, Washington University School 

of Medicine, St Loins) 

(Received for publication, April 22, 1948) 

Pliosphoglucomutase, the enz3ane tliat catalyzes the conveisiou of glu- 
cose-l-pliosphate to ghicose-6-phosphate, has been found in tissue extracts 
of various animals as veil as in j'^east extracts (1, 2) It has been shmvn 
that the enzyme is specific foi the above glucose esteis, it is activated by 
Mg++ and cysteine and has a pH activity optimum at 7 5 (2) The leac- 
tionwas proved to be leveisible as shovm by the ^n viiio synthesis of glyco- 
gen from glucose-6-phosphate thiough the combmed action of phosphoglu- 
comutase and phosphoiylase (3) Colow icL and Sutherland (4) determined 
the equilibrium of the reaction wuth a puiified preparation of phospho- 
glucomutase, they found that 5 5 pei cent of 1 -ester was present at equilib- 
rium at 30° The position of the equilibrium was independent of pH 
This report deals wuth the purification, ciystalhzation, and properties of 
the enzyme 


Eslimahon of Enzyme Activity 

The activity of the enzyme was measuied by the conversion of the acid- 
labile P of the 1-estei into the acid-stable P of the 6-ester The details of 
the method were as follow s 

The enzyme solution to be tested was diluted appropriately with cold dis- 
tilled w'atei immediately before use and kept m an ice bath Enzymati- 
cally prepared glucose-1 -phosphate was used as substrate, it was made up 
in a stock solution contammg 2 X 10“” xi glucose-l-phosphate and G X 10“^ 
M Mg-H- (as MgS04) and adjusted to pH 7 5 A 0 05 xi cysteine solution 
adjusted to pH 7 5 w as prepared fresh for each estimation from a 0 5 xi 
stock solution 0 1 cc of the substiate (representing 62 7 of acid-labile 
P) and 0 2 cc of the cysteme solution xxere pipetted mto a lOett colorun- 
etei tube and left m a constant tempeiatuie xxatei bath at 30° for 2 
mmutes for temperature equihbiation The reaction xxas started by add- 
ing 0 1 cc of the freshly prepared enzjTne dilution Tw o or more dilutions 
of the same enzyme preparation xxere used for each test The reaction 
proceeds in a Imear manner up to the pomt where about 60 per cent of the 

* Senior Felloxv, National Research Council 
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substiate has been used up This point should not be exceeded in the test 
(Fig 1) 

Aftei an incubation of 5 minutes duiation, the reaction was stopped by 
the addition of 1 cc of 5 n HjS 04 Water was then added to brmg the vol- 
ume up to 5 cc and the reaction tubes immeraed in boiling watei for 3 min- 
utes The inorganic P fomied during acid hydrolj'sis, which is equivalent 
to the unchanged l-ester, was measured by the method of Piske and Subba- 
row (5) The acid-stable P represented the amount of glucose-6-phosphate 
fomied, it wms calculated from the difference m easily hydiolyzable P before 
and after mcubation The unit of activity wms taken as the number of 
mg of acid-stable P formed per cc of enzyme solution under the conditions 



Fig 1 Time curve of phosphoglucomutase at 30° 4 75 7 of protein per cc , pH 

7 5, 0 0025 M and 0 025 ii cysteine 

described Piotein wms estimated by the biuret method of Robmson and 
Hogden (6) 


Method of Punficalion and Cujstallizalion 

Alternate heatmg and fiactionation with ammonium sulfate w'ere the 
pi-mcipal pioceduies used foi the purification of the enz 3 me leadmg to its 
crystalhzation fiom ammonium sulfate The followmg steps are mdicative 
of a tjqncal preparation (Table I) Unless otheiwise stated all manipula- 
tions w^eie done at 0-4° and pH 5 0 

Twm labbits w^eie given an mtravenous injection of nembutal, the vessels 
of the neck w^ere severed, and the blood allow ed to dram thoroughly The 
excised rabbit muscles (900 gm ) were mmced bj-- passing through a meat 
grmder 1 volume (900 cc ) of distilled w'atei was added, stirred tho^ 
oughly, and the mixture allowed to stand for 20 minutes, and then straine 
through gauze The lesidue was leextracted with another volume 0 
distilled water 

The combmed extracts (1700 cc ), havmg an activity of 0 5 unit per mg 
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of piotem, \\eie adjusted to pH 5 0 with 1 m acetic acid The resulting 
turbid extract was placed in a water bath at a tempeiatuie of 85-90°, 
and, when the tempeiatuie of the extiact leached 65°, it was immersed 
m an ice bath until the temperature reached 4° Constant mechanical 
stirrmg nas mamtamed throughout the heating and cooling procedures 
The extiact was then filteied thiough coarse filter paper 
The filtiate (1400 cc ), havmg an activity of 2 3 units per mg , was 
brought to 0 65 saturation mth sohd ammonium sulfate, added giaduaUy 
with gentle Stirling The piecipitate was filtered off oi centrifuged and 
taken up m an equal volume of 0 15 ii acetate buffer, pH 5 0 The turbid 
solution (20 cc ) containmg ammonium sulfate at about 0 32 satuiation was 
placed m a watei bath at 65° and stirred constantly The solution was 


Table I 

Sample Protocol for Preparation of Phosphoglucomutase 



Total activity 

Total protem 

Specific activity 


units 

ms 

units per me 

Water extract (900 gm muscle) 

9850 

19,700 

0 5 

lat heat filtrate (65“) 

7800 

3,400 

2 3 

0 0-0 65 ammonium sulfate ppt 

7480 

1,160 

6 45 

2nd heat filtrate (63“) 

4370 

336 

13 0 

1st crystallization, 0 50-0 60 ammonium 

2030 

112 

18 0 

sulfate 




2nd crystallization, 0 50-0 60 ammonium 

1080 

47 

23 0 

sulfate 




2nd crystallization, 0 60-0 65 ammonium 

1040 

40 

26 0 

sulfate 





allowed to leach 63° and to remam at that temperature for 3 minutes The 
heavy precipitate which formed was centrifuged off and the supernatant 
fluid (16 cc ) was found to contam 21 mg of protem pei cc vnth an activity 
of 13 units pel mg of piotem 

This solution was diluted with 6 volumes of 0 32 saturated ammonium 
sulfate to obtain a protem concentration of about 3 0 mg per cc The 
ammonium sulfate saturation was then raised to 0 50 by slow, diopwise 
addition of a saturated solution and the mixture allow ed to stand m the cold 
for 30 mmutes The precipitate wms centrifuged off and discarded The 
clear supernatant fluid w as then w armed to 30° and kept at this temperature 
for 5 houi A protem precipitate^ which formed w as centrifuged off, care 

^ This protein had very low' mutase activity and a negative temperature coefficient 
of solubility, and at this ammomum sulfate concentration, it completely dissolve 
below 10“ It w as similar in this respect and in its electrophoretic mobility to rab it 
serum albumin. 
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being taken to pievent cooling The resulting supernatant fluid i\as 
placed in an ice bath and the ammonium sulfate concentration brought up 
gradually to 0 55 satuiation by vcr 3 ’’ slow addition of the satuiated salt 
solution ovei a period of 1 hour A faint turbidity appealed, followed by 
a thin silky shimmei about half <m houi later The material was allowed 
to stand overnight 

The slow addition of ammomum sulfate was then lesimied until the con- 
centration giadually leached 0 GO It was found that appreciable denatu- 
lation could be avoided bj’’ addmg ammonium sulfate dropwuse with a pi- 
pette, while the solution was stiired at the same time wnth a glass rod The 
solution w'as left in the cold foi 24 houis for maximum crystalhzation The 
crystals w^ere then centiifuged and dissolved in 0 15 Ai acetate buffer of pH 
5 to give a protein concentiation of about 2 0 mg per cc The activity in 
the first ciystals coiiesponded to 18 units per mg 

For the second ciystallization the ammonium sulfate satuiation was 
laised to 0 50 and the piecipitate, if any, discaided The supernatant fluid 
was w aimed to 30° and any insoluble piotein sepaiated bj" centiifugation 
at loom terapeiatuie Ihc supernatant fluid was cooled to 0-4° and the 
ammomum sulfafe concentiation was laised as prei louslj’’ descnbed to 0 CO, 
at which level a slight tuibidity began to foi-m, followed bj' the foimation of 
ciystals Aftei standmg o\einight, the ciystals weie sepaiated and ga\e 
an activity of 23 units pei mg piotein The concentiation of ammonium 
sulfate in the supernatant fluid was then laised gradually to 0 65, and after 
standing 24 houis, fiuther ciystals formed having an activity of 26 units 
per mg of piotein Aftei a third oi fouith ciystallization the activity 
lemamed at 26 units pei mg and the supeinatant fluid had the same 
activity as the ciystals 

The pioceduie descnbed above pioced to be lepioducible on muneious 
Inals On a few occasions, how'evei, when blood could not be pioperly 
diamed, the enzyme piepaiations pioved difficult to punfy In such in- 
stances the second heating step often failed to impiove purity, since blood 
protems, particulaily’’ seium albumm, remained as majoi contammauts 

Perfusion of the muscle (Table II) avoided this difficulty but had the dis- 
advantage that a bulky precipitate formed duimg both heating steps 
The hind leg muscles weie pei fused lapidly with cold noimal salme solution, 
no moie than 15 minutes being allowed for the proceduie The isolation of 
the enzyme w as then earned out as befoie, except that the small volume of 
the extiact at the second heating step made it necessaiy to reextract the 
precipitate cvith 2 more volumes of acetate buffei Tins avoided the loss o 
the enzyme w'hich was otheiwise letamed in the meshes of the heat-dena- 
tured piecipitate When perfusion wms earned out for more than 15 
mmutes, the first heatmg step pioduced denatured protein that was very 
difficult to centrifuge or filter off 
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Piopeihcb of Ciyslallinc Phosphoglucomutase 

The ciystals aie long, thin, veiy fiagile plates Fig 2 shows a numbei 
of fiagmented ciystals besides some well fonned ones No fiuctose-6- 
phosphate was fonned in leaction mixtuies in which 90 per cent oi moie of 
glucose-l-phosphate had been converted, the ciystallme phosphoglucomu- 
tase IS theiefoie fiee of phosphohexose isomerase activity It was also 
tested wuth negative results foi amjdase, phosphorylase, aldolase, n-glycei- 

Table II 


Sample Pialocol for Preparalion of Pkosphoglucomuiase fiom Perfused 

Rabbit Muscle 



Total 

activity 

Total 

protem 

Enzyme 

protem 

Specific 

activity 


u/ttis 

mg 

mg 

units per mg 

Water extract (500 gm of muscle) 

10,400 

17,320 

400 

0 6 

1st beat filtrate 

5,460 

1,760 

210 

3 1 

0 0-0 65 ammonium sulfate ppt 

4,680 

742 

180 

6 3 

2nd heat filtrate 

3,690 

263 

142 

14 0 

1st crystallization, 0 50-0 60 ammonium 

3,380 

161 

130 

21 0 

sulfate 





2nd crystallization, 0 50-0 60 ammonium 

988 

43 

38 

23 0 

sulfate 





2nd crystallization, 0 60-0 65 ammonium 

1,040 

40 

40 

26 0 

sulfate 







Fig 2 Phosphoglucomutase crystals from rabbit muscle, X 150 


aldehyde phosphate dehydiogenase, glyceiophosphate dehydrogenase, tii- 
ose mutase, enolase, and lactic dehydrogenase 

The absoiption spectium of the enzjTne gave a maximum at 278 mp 
(Fig 3) The extinction of a I per cent solution m 1 tm cell thickne^ 
(^ 1 ^ ) at 278 m/I was found to be 7 70 
Elect! ophoietic studies weie made on the ci-jstallme enzyme obtamed at 
0 65 ammonium sulfate saturation fiom peifused muscle The enzyme 
had an activity of 26 units pei mg of protem Acetate buffer at pH 5 0 of 
0 1 ionic strength was used and the temperatuie was 1 9° Durmg 4 hours 
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a single peak m ith a mobility of 2 01 X 10~^ (sq cm pei volt pei second) 
was noted The piotem vas positively chaiged at that pH 

The enzyme vas most stable when dissolved in acetate buffer at pH 5 0 
Its activity was maintained foi about 10 days at ice bo\ temperatuie, then 
declined slowdy ovei a peiiod of 0 to 8 weeks Below pH 1 5 and above pH 
8 0 it was leadily inactivated 

The enzyme was piactically inactive when diluted with watoi and tested 
m the absence of cysteine Ma\imum activity was obtained when the 
enz 3 Tne was diluted with ice-cold watei and tested immediately after dilu- 
tion in a leaction mixtuie containing 0 01 to 0 05 vi cysteine (Fig 4) Con- 



Fig 3 Absoiption spectrum of phosphoglucomutaso 

sideiably lowei activity was obseiv'ed when the enzyme was diluted with 
cysteine instead of watei and then tested m the piesence of cysteine 
In Fig 5 it IS showm that in cysteine solution the enzyme lost much moie 
activity, especially duiing the eaily peiiod of incubation, than in KCl solu- 
tion That such an inactivation by cysteine does not occiii wdiile the 
enzjone is acting on its substiate is shown in Fig 1, the leaction lemains 
lineal imtil about 60 pei cent of the 1-estei is conveited to 6-estei At 
equihbiium in Fig 1 the lelative amounts of glucose- 1 -phosphate and glu- 
cose-6-phosphate weie 5 5 and 94 5 pei cent, lespectively 
The ciystalhne enzyme was active without added Mg++, but it w'as not 
possible to ascertain whethei the enzyme could act m the complete absence 
of inasmuch as tiaces of the ion piesent m the pieparation oi bound 

to the piotem could have been lesponsible foi the obseiwed activity The 
optimum lange of Mg++ concentiation, betw'een 0 0005 and 0 0025 M, pio- 
duced a 4-fold activation (Fig 6) The deciease m activity wnth highei 
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Mg++ concentrations is due to an unspecific inhibition of the enz 3 Tne by- 
salts (2) In tiudc muscle extracts, in iihich mutase was acti-ve even w^hen 
no cysteine w as added, Mn++ could be used in place of to increase 



MOLAa CYSTEINE 


MINUTES 


Fio 4 


Fig 5 


Fig 4 The effect of cysteine concentration on the activity of phosphoglucomutase 
at 30“, pH 7 5 , and 0 0025 m Mg-^+ 

Fig 5 Comparison of the effect of incubation of the enzyme in 0 05 ai cysteine 
solution (*) and 0 05 iiKCl solution (X) at 30°, pH 7 5 The activity w as measured 
in both oases in the presence of 0 05 m cysteine and 0 0025 ii Mg"*^ 



Fig 6 Fig 7 


Fig 6 The effect of IMg"*"^ concentration on the activity of phosphoglucomutase 
at 30°, pH 7 5, and 0 05 m cysteine 

Fig 7 The effect of pH on the activity of phosphoglucomutase at 30°, 0 006 ii 
and 0 05 st cysteine 


enzyme activity (2) It was not possible to study the effect of i\In++ on the 
puiified enzjone, as it foims a complex wnth cysteme which inhibits enzyme 
activity The optunum pH foi the enzyme activity w is 7 5 (Fig 7) It 
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afa not pobfaible to tcbt the enzyme at pll \ alucb higher than 7 8 because of 
the formation of magnesium hydroMcle 
The turnover numbei per 100,000 gm at 30° and pH 7 5 uas calculated 
to be 16,800 moles pei minute 


TvBLb III 


Fluoride InhibtUon of PhospUoglucomulase 


The reaction mixture cout luicd 1 1 to 1 8 -y phosphoglucomutase, 0 05 it cjsteine, 
pH 7 5, and varying concentrations of the other components shown in the table 
All concentrations are expressed in moles per liter 


Variable 

1 

Ms 

1 

1 

GIacose>l 

phosphate 

(initial 

concentration) 

Per cent 
residual 
activitv 
Per cent 
inbibitcd 
activity 



K‘ 


Mg 

5 

0 

X 

10-* 

5 

0 

X 

10-* 

2 

2 

X 

10-’ 

5 

45 

1 

50 

X 

10-“ 

ti 

1 

0 

X 

10-’ 

5 

0 

X 

ir* 

o 

2 

X 

10-’ 

3 

76 

2 

07 

X 

10-“ 

tt 

5 

0 

X 

10-< 

1 

0 

X 

10-=> 

2 

2 

X 

10-’ 

1 

42 

1 

56 

X 

10-“ 

it 

1 

0 

X 

10-’ 

1 

0 

X 

10-> 

2 

2 

X 

10-’ 

0 

so 

1 

96 

X 

10-> 

tt 

5 

0 

X 

10-* 

2 

0 

X 

10-> 

2 

2 

X 

10-’ 

0 

23 

1 

23 

X 

10-“ 

{( 

1 

0 

X 

10-’ 

2 

0 

X 

10-» 

2 

2 

X 

10-’ 

0 

30 

2 

64 

X 

10-“ 

F 

5 

0 

X 

10-< 

0 

0 

X 

10-< 

2 

2 

X 

10-’ 

5 

45 

1 

50 

X 

10-“ 

<1 

5 

0 

X 

10-< 

1 

0 

X 

10-’ 

2 

2 

X 

10-’ 

1 

42 

1 

56 

X 

10-“ 

It 

5 

0 

X 

10-< 

1 

5 

X 

10-’ 

2 

2 

X 

10-’ 

0 

71 

1 

76 

X 

10-“ 

tt 

1 

5 

0 

X 

10-< 

2 

0 

X 

10-’ 

2 

2 

X 

10-’ 

0 

30 

1 

72 

X 

10-“ 

tt 1 

5 

0 

X 

10-1 

3 

0 

X 

10-’ 

2 

2 

X 

10- ’ 

0 

22 

2 

IS 

X 

10-“ 

G-l-P 

1 

0 

X 

10-3 

1 

0 

X 

10-’ 

1 

0 

X 

10-’ 

1 

56 

1 

56 

X 

10-“ 

tt 

1 

0 

X 

10-3 

1 

0 

X 

10-’ 

2 

0 

X 

10-’ 

0 

77 

1 

5-1 

X 

10-‘ 

tt 

1 

0 

X 

10“3 

1 

1 

0 

X 

10-’ 

3 

0 

X 

10-’ 

0 

35 

1 

05 

X 

10-“ 

Average 




1 

7 

X 10-‘ 


♦ [Mg] 1FI= [glucose-l-phosphatcl X 


% residual activity 
% inhibited activity 


K 


Fluoride Inlubihon 

Waiburg and Chiistian (7) showed that the mlubition of enolase by fluo- 
ride was due to the formation of an inactive magnesium-fluoro-phospho- 
enolase complex, accordmg to the equation 


DVIgllPOdlPl- X 


% residual activitj 
% inhibited activity 


Z = 3 2 X 10-^2 
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The fluonde inhibition of phosphoglucomutase was studied in a similai 
manner and was found to be dependent on the concentration of the thiee 
ions, magnesium, fluoride, and glucose-l-phosphate (Table III) Thus 
i\hen the concentiation of any one ion was varied, and the concentration of 
the othei two ions kept unchanged, a leasonably constant K was obtained 
■\\ ith the above equation The value of the constant obtamed undei these 
conditions aveiaged 1 7 X 10~*- 

It appears that a magnesium-fluoro-phosphate-enzyme complex is formed 
which IS inactive The phosphate in this complex is the substrate glucose- 
l-phosphate and probably also its conveision product, glucose-6-phosphate 
However, morgamc phosphate also foims an inhibitory complex with mag- 
nesium and fluonde, masmuch as the addition of moigamc phosphate 
mcreases the mhibition over and above that exerted by the magnesium- 
fluoro-l-estei complex 

The concentiation of fluonde that gives half maximum inhibition is deter- 
rmned by the concentration of magnesium and 1-estei With a 1-ester 
concentration of 2 2 X 10~^ m and a magnesium concentiation of 5 X 10“* si, 
the concentiation of fluonde that gave half maximum inhibition was 1 0 X 
10"’ SI With twice the concentiation of magnesium and at the same con- 
centration of 1-ester, the fluoride concentration for half maximum inhibi- 
tion was 0 70 X 10-2 SI 

The author wishes to thank Mr Robeit Loeffel for cairymg out the 
electrophoresis study reported m this paper 

SUSEMARY 

1 A method has been described for the isolation of the enzyme phospho- 
glucomutase in crystallme foim The enzyme constituted about 2 pei cent 
of the protein extiacted fiom muscle by watei and v as obtained m the form 
of ttun fragile plates in a yield of about 20 per cent The activity per mg 
of protein vas mcreased about 50-fold m the couise of purification, and the 
pioduct after lecrystalhzation was electrophoietically homogeneous 

2 The enzyme was most stable at pH 5 0m acetate buffer of 0 1 to 0 3 
SI, while the optimum foi activity iias at pH 7 5 Foi measurement of its 
activity the enzyme, aftei dilution vith ice-cold vatei, vas added to the 
leaction mixtuie contammg cysteme Without cysteine in the reaction 
mixture the enzyme was practically mactive iMg’*^ at an optimum con- 
centration of 0 005 to 0 0025 si mci eased the activitj’’ -i-fold 

3 The turnover number pei 10* gm of protem per mmute at 30 and 
pH 7 5 corresponded to the conversion of 16,800 moles of glucose-l-phos- 
phate to glucose-6-phosphate 

4 The enzyme was mhibited by fluoride m the absence of morgamc 
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phosphate By vaiyiug the conceiitiatiou of the (hiee leaotauts, it was 
shown that a complex of [Mgl[F]-[organic phosphate] was formed which 
was presumably competing with magnesium for the enzyme 
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THE EFFECT OF SEVERE HEAT TREATMENT UPON THE 
AMINO ACIDS OF FRESH AND CURED PORK* 

By J F BEUK, F W CHORNOCK, a.nd E E RICE 
(.From the Research Laboratories, Swift and Company, Chicago) 

(Received for publication, March 15, 19-18) 

On the basis of animal expeiimentation, heat has been shown to have a 
deleterious effect on pioteins (1-13) Some investigators have intimated 
that diy heat destioys certain ammo acids because the addition of these 
ammo acids to the heated piotem impioves the biological value, others 
have clamied heat damage to be due to decreased digestibility of the heated 
piotems 

Fairbanks and Mitchell (1) showed that the addition of lysme to scorched 
slum milk powdei increased the biological value, but that the addition of 
extra cystine did not Additions of lysine and histidine, but not cystme, 
tyrosme, oi tryptophan, increased the biological value of the heated casein 
studied by Greaves, Morgan, and Loveen (2) Smulaily, Clandinm et al 

(3) found that supplementmg an overheated soy bean meal with lysme and 
methionine increased the growth rates of chicks Hodson and ICioiegei 

(4) and Eldred and Rodney (5) lepoi-ted losses of lysine in heated evap- 
orated nailk and heated casein, respectively 

That the digestibility of protein is impaired by dry heat was reported 
by Chick (6), who found that heating lactalbiimm loireied its biological 
value and significantly decreased its digestibility Heating casein at a 
higher temperature decreased both the biological value and the digestibil- 
ity Using total pi otem or sulfur , cystme, oi methiomne in the undigested 
protein as ciitena, Evans (7) reported raw soy bean meal and meal which 
had been autoclaved for 30 minutes at 100-130° to be more digestible 
than meal which had been autoclaved at 130° for GO rmniites as deter- 
mined either by the Chrek method or m vilw with trypsin and eiepsm 
Seegeis and Mattill (8) found a marked decrease m the digestibility of the 
piotem of dried liver vhich had been heated for 72 hours at 120° How- 
ever, acid hydrolysates of fresh liver and heated h\ei gave approximately 
equal growth rates, biological values, and digestibilities when supplemented 
by tryptophan These wiiteis stated “It is behe\ ed that the low biologi- 
cal value IS the result of a decreased digestibility such that the result- 
ing ammo acid piopoitions are not repiesentatn e of the original piotem ” 

Block el al (9) and Zittle and Eldred (10) ha\e showm that raw and 

* Presented before the Division of Biological Chemistry ot the -Xmeritau Ciiemieal 
Society at New York, September 17, 1947 
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heated casein yielded the same amounts of lysine on acid hydrolysis de- 
tei mined by chemical isolation and by lysine decarboxylase methods, re- 
spectively Riesen et al (11), using microbiological assays of soy bean oil 
meals foi individual ammo acids, found that autoclaving 4 hours decreased 
the amounts of lysine, aigmme, and tiyptoplnn which could be liberated 
by 2 ^ IICI Enzymatic digestion, measuicd in terms of ammo acids 
liberated, impioved during pioper heat treatment but decreised after pro- 
longed heating 

There have been few investigations of the conditions noimally existing 
in the preparation of edible meats These have indicated that heatmg 
causes slight, possibly insignificant, reductions m amino acid contents 
Thus Schweigeit el al (12) showed retention of 86 to 106 per cent for leu- 
cine, isoleuciiie, and valine during the curing and coolung of various cuts 
of meat, and Gieenhiit el al (13) found the letention of tryptophan and 
phenylalamne to be 73 to 96 per cent and 91 to 110 pei cent, lespectively, 
for seveial types of meat No losses of lysine were found by Wilder and 
Ivraybill (14) durmg the coolung of fresh poik, but a 12 per cent loss was 
shown for an autoclaved poik luncheon meat 

The small losses ahvays pose the question as to whether amino acids have 
been destroyed or w'hethei experimental conditions have pi evented nieas- 
uiements sufficiently exact to detect the amount of loss The use of ex- 
treme conditions similai to those which have been shown to reduce the 
biological values of diy pioteins ofiers a means of detectmg possible losses 
and of estimating the significance of losses which may occur m normal proc- 
essing Tins technique has been applied in the pi esent study of the effect 
of heat upon the ammo acid content of fresh and autoclaved poik 


EXPLRIJIENTAL 


Pre-paiahon of Samples — 50 pound lot of lean poik trimmings was com- 
minuted in a high speed chopper (“silent cutter”), mixed seveial times to 
assure uniformity, and divided mto tw'o poitions One portion was mixed 
with a standard commercial curing foimula,* the othei remained untreated 
Both weie held m a coolei at 2-3° foi 48 houis This holding peiiod was 
necessary to peimit normal curing of the meat The two lots of meat were 
mixed separately and then packed in 5 ounce cans and sealed under a 
vacuum in a semiautomatic can closer Several cans of each portion were 
stored at —29° as controls The remaining cans w^eie autoclaved for 24 
hours at 112°, cooled immediately with cold wmter, and stored at —29 
Preparation of Hydiohjsates — ^Acid hydrolysates of each of the four sam- 


I Tins formula contained salt, sugar, nitrate, and nitrite in proportions conforming 
to the regulations of the United States Department of Agriculture, Bureau of Amma 

Industry 
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pics \\cre picpircd by refluxing 10 gm portions wth 100 ml quantities of 
8 ^ irCl for S hourb Pic\ lous expeiimcnts had indicated these conditions 
to be adequate for complete hbeiation of the ammo acids and that the treat- 
ment destro} cd no detect ilrlc amount of any amino acid other than tryp- 
tophan 

Enzyme digests of the s imples were piepaied by treating 10 gm portions 
suspended m 100 ml quantities of water wath 100 mg of commeicial tiyp- 
sin powder The suspensions were adjusted with NaOH to pH 7 5 and 
incubated foi 21 houis at 37“ Then 100 mg quantities of eiepsin were 
added to the suspensions which, aftei readjustment to pH 7 5, were in- 
cubated foi an addition il 2-1 hours The pH values of the digests were 
checked pciiodically during the 48 hour incubation and leadjustments w^eie 
made whenever necessary Toluene was used as a preseivative through- 
out the incubation periods At the completion of the trypsin-erepsin treat- 
ment, the digests weie bi ought to pH 4 5 and heated in a steam bath to 
inactivate the enzymes and to remove the toluene 

Acid and enzyme hydrolysates w'ere diluted to 250 ml volumes, filteied, 
and stored at 2° The hydrolysates w'ere neutralized duiing subsequent 
dilutions The amino acid contents of enzymatic digests of law pork made 
m this w'ay w'cie generally slightly low'ei than those of the acid hydrol- 
ysates (see the second column in Tables I and II) This may have been 
due to losses duiing filtiation, since filteied enzyme digests of raw pork 
contained 5 to 10 per cent less nitiogen (collected for nitrogen of the en- 
zyme) than did the acid hydiolysates 

Assay Procedures — Except for confirmatory tests with the chemical 
method for histidine (15), microbiological assay methods weie used exclu- 
sively m this series of expeiiments Leucine, isoleucine, valine, methio- 
nine, and tryptophan were determined by use of Lactobacillus arahinosus 
17-0 with the medium desciibed by Shankman (16) Cystme, methiomne, 
and lysine were detei mined with Leuconostoc mescntei oides P-60 mth Me- 
dium C of Dunn et al (17), modified by a 5-fold mcrease of arginine (Kirch 
(18)) Histidine was determined with Sit eytococcus lochs R and argmme 
with Lactobacillus delbrueckii LD5 with the media described by Stokes et 
al (19) The media and the manipulative techmques weie essentially 
those reported except that final volumes m the assay tubes weie 5 ml and 
that 0 05 N sodium hydroxide was used for titrations 

Deternnnahon of Effect of Autoclaving — To determme the effect of seveie 
autoclavmg, enzyme digests and acid hydrolysates of fiesh, autoclaved, 
fresh cuied, and autoclaved cuied samples were prepared All solutions 
Avere assayed simultaneously for each ammo acid Check analyses made 
several months later confiimed the mitial values Average values and re- 
tentions are listed in Tables I and II For simplicity, the values are given 
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pel gm of sample, this being a i alid basis since there was no opportunity 
foi change in weight during autoclaving 

DISCUSSION 

Analysis of the acid hydrolysates of the autoclaved samples indicated 
almost 100 per cent retention of the ammo acids except cystine Cystine 
showed a 56 pei cent letention in both fresh and ciiied samples after auto- 
clavmg (Table I) A sulfide odor from the autoclaved samples indicated 
the possible bieakdoivn of a suKui -containing amino acid 
Since tryptophan is acid-labile, analyses foi that ammo acid vere not 


Table I 

Acid Hydrolysis, Relenlton of Ammo Acids m Fresh and Cured Pork after 
Autoclaving at 112° for 24 Hours 



Fresh porL 

Cured port 

1 

Ran j 

Autoclaved 

Retained 

Raw 

Autoclaved 

Retained 


mg per gm 

mg per gm 

per cent 

mg per gm 

pergm 

per ceni 

Threonine 

9 0 

9 0 

100 

1 8 7 

8 7 

100 

Leucine 

13 5 

13 5 

100 

i 13 3 

13 3 

100 

Isoleucinc 

9 0 

9 3 

103 j 

S 9 

1 9 1 

102 

Valine 

9 5 

9 7 

102 

9 5 

9 6 

101 

Methionine 

3 8 

39 

102 

3 7 

3 7 

100 

Phenylalanine 

6 5 

G 6 

101 

6 6 

6 8 

103 

Cystine 

2 7 

1 o 

56 

2 7 

1 0 

56 

Lysine 

14 0 

13 2 

1 95 

13 4 

12 8 

96 

Arginine 

7 S 

7 5 

1 96 

7 5 

7 1 

99 

Histidine 

6 5 

6 6 

i 101 

6 0 

6 0 

93 

Tryptophan* 

1 90 

j 1 90 

i 100 

1 




* Alkaline hj'drolysis (possibly slight destruction during refluxing (20)) 


made on the acid hydi olysates Assays of allvahne hydi olysates (5 N NaOH 
foi 8 horns, under a reflux) gave similar values for fresh and autoclaved 
samples The 1 9 mg of tryptophan found per gm of sample coi respond 
to 1 1 per cent tryptophan m the protein, a value slightly lower than the 
1 4 per cent reported by Gieenhut cl al (20) Appaiently, partial destruc- 
tion of tryptophan occurred duimg lefluxmg, an occuiience which vould 
be expected m view of the report of the latter authois that allcah paitiall}'^ 
destroys and lacemizes the tryptophan However, if there were equal 
lates of loss duimg hydiolysis of the raw and autocla^ed samples, the 100 
per cent retention value for the autoclaved sample should be valid 

The apparent ammo acid retention based on enzyme hydrolysates varied 
from 27 per cent for cystine to 56 pei cent for leucine in the autoclaved 
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frefah sample and fiom pci tent for cystine to 65 per cent foi isoleucme 
in the autocla\ cd cured s imples (Table II) This findmg is m accord with 
the marked reduction m the biological values- of these law and cmed pork 
samples during autoclaving, as found by LoclJiart ^ Loss of cystme was not 
in itself sufricient cause foi the decicases in biological value, as indicated by 
failure of cystine to impio\e maikcdly the late of gam when added to the 
diet 111 pi ice of a small amount of the protein Replacement of autoclaved 
protein i\ith raw protein permitted lapid gam The low appaient reten- 
tion cannot be due to the desti uction of the ammo acids durmg autoclavmg, 
bince the acid hydiolj'sates showed a definite loss of cystme only It may 
be caused by a deciease m the digestibility of the protein m the autoclaved 

Table II 


Enzyme Hydrolysis, Retcnlion of Amtno Acids in Fresh and Cured Pork after 
Autoclaving at 112° for 24 Hours 



rredh pork 

Cured pork 

Raw 



Raw 

Autoclaved 

Retained 


me ptrgm \ 

mt persm 

per cent 

ms persm 

ms persm 

per cent 

Threonine 

S 

4 

3 

4 

41 

8 

0 

2 

8 

35 

Leucine 

13 

1 

7 

4 

56 

11 

6 

6 

6 

57 

Isoleucme 

8 

7 

4 

3 

49 

7 

6 

4 

9 

65 

Valine 

9 

3 

6 

0 

54 

9 

3 

5 

4 

58 

Methiomne 

3 

9 

1 

8 

48 

3 

7 

1 

8 

49 

Phenylalanine 

6 

8 

3 

2 

47 

6 

5 

3 

4 

54 

Cystine 

2 

6 

0 

7 

27 

2 

1 

0 

7 

33 

Lysine 

13 

7 

6 

4 

47 

13 

0 

5 

0 

39 

Arginine 

7 

4 

3 

8 

52 

7 

0 

3 

8 

56 

Histidine 

5 

3 

2 

8 

53 

4 

6 

2 

9 

63 

Tryptophan 

1 

7 

0 

6 

35 

1 

6 

0 

6 

38 


samples The curmg mixture does not seem to affect the retention of the 
ammo acids whether measured on acid or enzyme hydrolysates 

Enzjmie digestion of raw samples yielded clear solutions m which small 
amounts of finely divided matenal were suspended Similar treatment of 
autoclaved meat resulted m turbid solutions contammg a larger quantity 
of insoluble particles Micio-Kjeldahl analyses showed precipitates from 
enzyme-digested law meat to contam 3 to 5 pei cent of the mtrogen of the 
sample, those fiom autoclaved samples contamed 9 to 16 per cent Hence, 
part of the low appaient retention is due to the removal of insoluble mate- 
nal durmg filtiation of the digests of cooked samples This, however, 

’ Rat growth compansona 

’ Unpublished data, Lockhart, H B , Research Laboratories, Swift and Company 
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cannot account foi the entire appaient loss, since calculation of the values 
for the filtiates on a nitiogen basis did not gieatly improve recovery values 
Furthennoie, the nitrogen content of the precipitates removed from enzyme 
hydrolysates of the cooked samples amounted to only 9 to 16 per cent of 
the total nitrogen, but the lowest appaient ammo acid loss was 35 per cent 
This vould mdicate the presence m the filtiates of some ammo acids in a 
form not available to the bacteria used in malang the assays 
To determme whether the ammo acids m the enzyme digests could be 
recovered by acid hydrolysis, unfilteied enzyme digests of the four samples 
were treated with 8 N HCl for 8 houis as described under “Pieparation of 

Table III 


Enzyme Hydrolysis Folloned by Icid Hydrolysis, Releiition of Ammo Acids in 
Fresh and Cured Pork after Autoclaving at 113° for 34 Hour^ 




Fresb pork 



Cured pork 



Raw 

Autoclaved 

Retained 

Raw ' 

Autoclaved 

Retained 


ms per sm 

mg per gm 

per cent 

mg per gm 

mg pergm 

per cent 

Threonine 

8 1 

8 1 

100 

7 7 

7 5 

98 

Leucine 

13 6 

14 8 

109 

13 1 

12 9 

99 

Isoleucine 

9 3 

9 9 

106 

8 1 

8 5 

105 

Valine 

9 6 

9 5 

99 

9 7 

9 6 

99 

Methionine 

3 7 

3 9 

105 

3 6 

3 6 

100 

Phenylalanine 

6 3 

6 5 

103 

5 3 

5 1 

97 

Cystine 

2 G 

1 4 

54 

2 3 

1 3 

57 

Lysine 

14 5 

14 5 

100 

14 5 

12 8 

90 

Arginine 

7 7 

7 4 

96 

6 9 

7 0 

101 

Histidine 

6 3 

6 8 

108 

6 6 

6 5 

99 


hydrolysates ” Tins procedure did not appreciably affect the values for 
raw samples, but it did increase the amino acid levels foimd for the auto- 
claved samples to such an extent that no marked losses veie indicated 
except for cystme (Table III) These values agiee with those in Table I 
withm the range of expei imental err or Furthermoi e, pi ehminary analyses of 
acid-hydiolyzed filtiates of enzyme-digested, cooked samples mdicated in- 
cieases in the quantities of ammo acids available to the test organisms 
Defimte mcreases m total free ammo acids measured by the method of 
Folm, as modified by Sahyun (21), aie obtained under such cnciunstances 
Smce the ammo acids, except cystine, smvive autoclaving for 24 hours 
at 112°, it IS to be expected that the much less severe household and com- 
mercial processes v ould likeinse cause no losses other than possibly that of 
cystme TlTether or not reductions m biological values or m enzjTtie di- 
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gcstibility would occur under the milder conditions of normal cookmg 
schedules remains to be dctei mined 

smnuR-i 

Deteimin itions of the eflects of severe heat treatment upon the ammo 
acids of fresh ind cured poik were made by comparing the ammo acid 
contents of the r uv and cured poik with those of samples which had been 
autocl i\ cd at 112° foi 21houis 

-\jialyscs of acid- oi ilkali-hydrolyzed autoclaved samples mdicated com- 
plete retention of arginine, histidine, isoleucine, leucine, lysine, methionme, 
phenylalamne, threonine, tiyptophan, and valine The retention of cys- 
tine was 56 per cent 

Low' apparent retention (27 to Go per cent) w'as observed when the auto- 
cla\ed samples w'ere hydrolyzed with enzymes However, treatment of 
these enzyme hydrolysates with acid permitted recovery of the imtial 
amounts of all of the ammo acids except cystine The low apparent reten- 
tion was probably due to the failure of the enzymes to hberate completely 
all of the ammo acids of the autoclaved pork Part of the bound ammo 
acid fraction is soluble but unavailable both to bacteria and to rats 
The failure of severely treated poik to show losses of ammo acids other 
than cystine makes it seem improbable that oidmaiy coolong or processing 
operations destroy any sigmficant amounts of ammo acids except cystme 
Decreases m the enzyme digestibility suggest the possibility that the milder 
processes of home or commeicial cookmg may likewise decrease digestibil- 
ity, but that the changes may not be detectable under normal conditions 
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(Received for publication, April 14, 1948) 

The greatei grov\ th rate of a malignant tissue as compared with its tissue 
of origin implies an increased net late of protem simthesis (total s3mthesis 
rmnus degradation) It was demonstiated lecently (1) that C“-labeled 
alamne can be incorporated into protems of liver sbees by mcubation of the 
slices in a ICrebs-Rmgei -phosphate (2) solution containing the alamne 
The present work applies this techmque to the question of whethei oi not 
a malignant tissue in vtlro synthesizes peptide bonds moie rapidly than does 
its normal counterpart Use of the tissue slice lathei than the whole ani- 
mal was chosen in order to study protein synthesis under conditions moie 
readily within experimental control than those m the hvmg animal 

Malenals and Methods 

Young male rats of the Harvard colony^ were placed for 4 months on a 
diet containing p-dimethylammoazobenzene (3) At the end of this time 
they were returned to a normal lation ^ 2 months theieafter, exploratory 
laparotomies were performed Note was made of those animals bearmg 
Email, isolated hepatomas Duimg the next month, mdividual lats were 
lolled by decapitation, and the hveis ivere quickly lemoved Hepatoma 
nodules approximately 1 cm in diameter weie carefully dissected free from 
adjacent hvei Such nodules weie fiim, peaily white, and fiee from gross 

* Presented in summary at the meeting of the American Association for Cancer 
Research, Atlantic City, March 12, 1948 

This work was supported in part by grants-in-aid from the American Cancer 
Society (recommended by the Committee on Growth of the National Research Council) 
and the Godfrey M Hyams Fund, and in part by contracts of the Office of Naval Re- 
search w ith Harvard University and with the Massachusetts Institute of Technology 

This IS Reprint No 647 of the Cancer Commission of Harvard University 

* These rats were obtained originally from Sprague-Dawley stock The strain has 
been kept in Hisaw*s laboratory during the past 15 years, iMth brother and sister 
matings being done over several generations periodically 
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evidence of necrosis In several experiments, larger nodules were used, 
and here the peripheral, finn portion, approximately 5 mm in thicloiess, 
was selected foi shcmg Sections 0 5 mm m thickness were cut by means 
of a Stadie-Riggs (4) sheer Similai slices weie cut fiom grossly non- 
mahgnant poitions of the same hvei and fiom the livers of control lats of 
the same stiain and sex 

We weie eaily made awaie of the lathei fiequent gieat variability of one 
slice from another m its capacity to incoiporate alanine into its protems 
Difference in pressure excited on each section duimg the cuttmg, m cell 
trauma mflicted by the knife, and m the pioximity of the section itself to 
the surface of the liver or to the largei portal vessels may offer pai tial ex- 
planation for this unpredictable behavioi of sections grossly similai As 
a routine practice, blocks of tissue of the older of 8 X 0 X 5 mm m size 
were cut, and then sectioned on the slicei The top and bottom slices weie 
regularly discaided 

Pieces from aieas adjacent to those used were also routinely saved 
for histological examination The tumors weie piincipally paienchymal 
cell hepatomas, type II (5) In a number of tumois theie weie also 
smallei areas consisting of adenocaicinoma, hepatoma type I, and bile duct 
piolifeiation In some cases, peritoneal and diaphiagmatic metastases 
provided additional evidence of malignancy The grossly non-malignant 
portions of the hepatoma-contaming h\ei umfoimly showed evidence of dif- 
fuse nodular hyperplasia and cirihosis The piimai j" hepatoma was chosen 
for the piesent study because tt 'provided opporlumly for comparison of the 
'malignant tumoi in each case dii ecll'y vnlh its tissue of origin in the same ani- 
mal 

Into Waiburg flasks were pipetted 1 0 cc of Krebs-Ringei -phosphate 
solution and 0 1 cc of a solution containing 0 44 mg of C^-caiboxyl- 
labeled DL-alanme (6) The total radioactivity pei flask vas appioxunately 
10,000 counts per mmute, as measuied by solid counting The pH of 
these two constituents was 7 40 Two slices of control liver oi three slices 
of hepatoma were usually added to a single flask, because the amount of 
protem in two slices of control livei was found to be approximately equal 
to that m thiee slices of hepatoma 0 2 cc of 10 pei cent potassium hy- 
droxide vas placed in each center well The flasks were incubated, with 
shakmg, m 100 per cent oxygen at 37 5° foi 85 houis Manometei leadmgs 
taken at 15 mmute mtervals showed a relatively Imeai oxygen consumption 
throughout the experiment 

At the end of the incubation, the slices were removed and rmsed twice 
with 20 cc portions of watei They i\eie then placed m a test-tube, mth 
5 cc of a solution contammg 50 mg of meit DL-alamne, and veie homo- 
genized Next, 5 cc of 20 pei cent trichloroacetic acid were added, and 
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the piccipitated protciiib w ere tieated as previously described (1) Briefly, 
tliej \\eie w idled uul lijdrol>zed, uid the ninhydrin procedure (7) was 
used to '•plit oft the a-caibo\yl gioupb of ammo acids piesent m the hydrol- 
3 sate (plus the 7-c irbo\yl of ispaitic acid) The caibon dioxide thus lib- 
erated MIS ti ipped 111 b'lriuiii lij'di oxide, and the amount of barium cai- 
boiiatc fonned w is detn mined by titration of the uncombmed excess of 
bariiun hj dioxide with 0 219 x* hj'diochloiic acid 

Under our experiment il conditions, we have found 0 2 to 0 3 mM to be the 
maximum amount of c iibon dioxide one can evolve m the ninhydrin pro- 
cedure without the risk occasionally of diivmg contents of the ninhydrin 
vessel o\ci into the baiium hydi oxide during the boiling piocess 

*U1 samples reportwl in this paper were counted as baiium carbonate, 
wath a commerci illj’ available^ end wandow countei said to have a mica 
window of thickness 1 mg pei sq cm Aftei titration of the baiium hy- 
droxide unneutializcd by caibon dioxide fiom the nmhydrm leaction, the 
barium carbonate was filtered onto No 42 filter paper and mounted on 
brass disks, in essentiallj’' the manner described by Henriques, Kistiakow- 
faky, Mirgnetti, and Sclmeidei (8) Before lemoval from the filtiation 
apparatus, the samples were washed wath water and acetone Air was 
then drawai through for a few minutes Weighmg of the solid samples of 
BaCOs was found to be unnecessaiy, because the weights could be calcu- 
lated with sufficient accuracy from the titrations We established this 
fact by filteiing some samples m fritted glass funnels, drying, and weighmg 
The weights agreed wath the formula BaCOs for the precipitate Further 
evidence for this composition was provided by the fact that the theoretical 
yield w'as obtained when sulfuric acid was added to the precipitate and the 
CO2 measured m a gas burette 

Because sufficient material was not available from the slices to provide 
a layer of barium carbonate of “mfinite thiclcness, corrections for self- 
absorption were necessary We corrected all counts to the values that 
would have been obtained wath 01 mM thickness (5 4 mg per sq cm, 
with our apparatus) This pomt of reference was chosen so that the cor- 
rection factors would differ little from unity All counts are expressed m 
this way unless stated other ivise 

Correction factors covermg the range of sample sizes encountered m this 
investigation, calculated from our experimental data, are plotted in^Fig 
1 Our data are m fair agreement with the curves presented by Tank- 
wich, Norris, and Huston (10) Five pomts calculated from their Table I 
are mcluded m Fig 1 

For measurement of the activity mcorporated mto the slices, only 1024 
counts w^ere collected in most cases With the less active samples, which 

* Radiation Counter Laboratories, Chicago, Illinois 
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gave net counting rates about equal to the background (15 counts per 
minute), the probable error due to statistical fluctuations was therefoie 
about 5 per cent 


Mg BaCOs/CM^ 

2 4 6 8 10 12 



Millimoles BaCOs 

I'la 1 Correction factors for converting the number of counts per minute ob 
served to the number that w ould have been observed if exactly 0 1 mil of barium car- 
bonate of the same specific activity had been counted O , obtained from samples of 
BaCOj of varying i\ eights and constant specific activity, ■, from samples of varying 
weights and constant total activity, □, calculated from Table I of the paper by Yank- 
•aicli, Non IS, and Huston (10), •, calculated from the approximate theoretical 
equation piesented by Heniiques, Kistiakow sky, Margnetti, and Schneider (8) 
I//o = (1 — o““‘')/(2ctd) The mass absorption coefficient, a, is assumed to be 0 28 sq 
cm per mg for Solomon, Gould, and Anfinsen (9) quote the value 0 2 85 ± 
0 OOS from a personal communication from Yankn ich All samples n ere prepar ed by 
addition of a slight excess of a solution of BaCh to a solution of Na.C'^Os and filtra 
tion in the usual manner The Heights neie calculated from the molarity of the 
Na.COj, nhich was checked manometrically with the Van Slyke manometric gas 
apparatus and gravimetrically by filtration of BaCOj precipitates in fritted glass 
funnels 

Table I illusti ites the ovei-all lepioducibihty of the method, including 
the detaiboxylation, titiation, tiansfei, filtiation, mountmg, and counting, 
wuth mateiial of activity high enough to i educe statistical fluctuations be- 
low the other errors 
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'lable II pitiioiUt) simiKii diit i fioin iliquols of a tagged hyjiolysate of 
comp'irnfivph low lpfI\If^ 


Results 

The principal results of the e\penments are listed in Table III, which 
indicates that the rale of incorporalion of (7“ from labeled alamne into the 


TADIih I 


Oicr All Rtproducibilily, with SampLa of High Specific Acltvily 


Net couQts per mla 

Deviation from mean 


per cent 

1127 

3 6 

1049 

3 6 

1107 

1 7 

lOM 

1 6 

1103 

1 0 

1079 

1 0 


Each sample was prepared by decarboxylation of 0 1 mM of labeled DL-alanine 


Tabm II 


Over-Ad Reproductbihly, with Samples of Low Specific Activity 


mu BaCOi 

Net counta per min 

Deviation from mean 

0 126 

30 0 

per cent 

6 1 

0 126 

31 9 

0 4 

0 127 

33 3 

3 7 

0 127 

34 2 

6 4 

0 126 

30 7 

3 6 

0 127 

30 2 

6 1 

0 191 

37 2 

4 7 

0 167 

34 9 

1 0 

0 066 

22 9 

9 4 


These samples were prepared by decarboxylation of aliquots of a tagged protein 
hydrolysate 


proteins of the hepatoma slices is consistently greatei than it is into slices of 
normal contwl livei and into the grossly non-malignant part of the hepatoma- 
containing livers It IS clear that the ditfeience in counts pei mmute per 
0 1 mil of barium carbonate obtamed in duplicate vessels ivas m some cases 
large As mentioned previously, this is mteipreted as a reflection of some 
unknown biological diffeience between the slices themselves rathei than an 
indication of some artifact introduced m processmg the fimshed shce (c/ 
Tables I and II for reproducibility of recovery and countmg procedures) 
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The number of millimoles of barium caibonate piesent in the samples is 
of com’se a measure of the total amoimt of protein present in the slice 
Separations of Amino Acids — The question arises as to whether all of 
the detected m the protein hydrolysates resides m the carboxyl group 

T\ble III 


Incorporalton of Radioactivity Derived from Alanine into Proteins of Normal Liver and 

Hepatoma 


Experiment 

Iso 

Normal control liver 

Control part of hepatoma 
containing User* 

Hepatoma 

mil BaCOj 

Counts per 
mm 

mil BaCO. 

Counts per 
ram 

mil BaCOj 

Counts per 
mm 

1 

0 125 

14 

0 125 

88 

0 140 

279 


0 no 

49 

0 125 

78 

0 116 

326 

2 

0 203t 

31 

0 099 

85 

0 083 

230 


0 125t 


0 099 

84 

0 096 

194 

3 

0 109 

85 

0 102 

111 

0 098 

394 


0 087 

61 

0 096 

112 

0 090 

478 


0 093 

46 






0 112 






4 

0 176 

27 



0 075 

193 


mmm 

28 



0 112 

199 

5 


30 

0 139 

39 

0 146 

95 


0 208 

23 

0 160 

36 

0 166 

109 

6 

0 263 

17 

0 199 

131 

0 187 

169 


0 263 

24 

0 186 

116 

0 131 

283 




0 241 

73 

0 166 

253 




0 191 

81 

0 161 

268 

7 

0 174 

36 

0 174 

94 

0 127 

329 


0 131 

57 

0 138 

145 

0 139 

275 

8 

0 189 

21 






' 0 200 

25 





9 

0 108 







0 113 

32 





Average 

0 157 

37 

0 148 

91 

0 127 

255 


In each experiment, duplicate vessels nere set up for each type of liver slice Re 
suits from each of the vessels are recorded In a single experiment, frequently all 
three types of livers were used 

* The non-malignant part of a liver which contains hepatoma nodules 
t Pregnant female rat All other animals are adult males 

of alanme, oi whether some or even all of it is piesent m other ammo acids 
Upon the answer to this question rests the validity of this method of ap- 
proach to the problem of protein synthesis In particular, the advisability 
of usmg carboxyl-labeled compounds is at stake Besides the greater ease 
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of prep ir it ion, ute ol &uch compounds has tlic advantage that the ninhydmi 
procedure, specific for ammo acids, is available for lecovery of the ladio- 
actiie carbon Kadioictue carbon diovide thus appears m the samples 
for counting w ith specific actn ity se\ eral times that of material obtained 
by combustion Unless the po'-sibility of appreciable transfer of activity 
to other imino acids c in be eliminated, great difficulty m the interpretation 
of results arises, and for manj purposes the advantages mentioned are out- 
veighed To follow this line of reasoning along, it is likely that pyruvate 
IS formed to some degree as a result of deamination of d- and i/-alanine 
The carboxyl-labeled pyruv ite may then he further degraded to acetate and 
labeled carbon dioxule, or incorporated into the tricarboxylic acid cycle 
Radioactivity originating m bicarbonate or p3TUvate might conceivably 
appear m carbox-yl groups of both aspartic and glutamic acids (cf (11)) 
This possibility is rendered less likely because carbon dioxide is trapped in 
the center w ell m the present expenments and therefore is less available for 
uicorporation into these tw o ammo acids There is the further possibility 
that the carboxyl group of ammo acids other than alanme and the above 
two might become labeled by some mechamsm as yet unknown 
For the solution of the problem at hand, a method for total, quantitative 
separation of the ammo acids m the hydrolysates would be desirable 
Lacking such a method, we obtamed fairly complete separations of four 
ammo acids by adding a large amoimt of the ammo acid m question to the 
tagged hydrolysate and recrystalhzmg The procedure was as follows 
Ten Warburg flasks containing three hepatoma slices and a medium con- 
taining radioactive alanine were incubated for 3* hours m oxygen The 
slices weie pooled and homogenized, and the protems were prepared and 
hydrolyzed, wnth the usual precautions to prevent contammation with 
tagged alanine from the suspendmg medium Excess hydrochloric acid 
Was lemoved by distillation in vacuo at a temperature below 40° The pH 
was adjusted to 6 8 by addition of ammoma The volume was adjusted 
to 10 cc , three 1 cc aliquots were decarboxylated, and the activity meas- 
ured To foul othei 1 cc aliquots were added, respectively, oL-alanme 
150 mg , glycme 150 mg , L-glutamic acid 50 mg , and DL-aspartic acid 50 
uag To each of the last three flasks were added 2 5 mg of DL-alanme m 
order to reduce by dilution possible contammation of the desued ammo 
acid with tagged alamne Each solution w as brought to the boiling pomt, 
and 3 cc of absolute ethanol were added slowly wath heatmg The flasks 
were set aside for 24 to 48 hours, and the crystals weie filtered off The 
crystals were redissolved in water, more alanine was added to the last three 
flasks, and the procedure was repeated For the second crystallization, the 
volume of solvents and the amount of alanine added were reduced to allow' 
for loss in the first crystallization, so that the concentrations remained the 
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same thud ciystallization was done m the same way The crystals 
■\\ere diied, and aliquots of each ammo acid weie decaibo\ylated for count- 
ing The numbei of counts per minute found was multiplied by the factoi 

Mg ammo acid added 

Mg ammo acid decarbo\.ylated X c p m per cc hydrolysate 

to give the fraction of the activity m the hydrolysate accounted for by the 
amino acid undei consideiation 


Table IV 

Test of EffecHveness of Separalton Procedure Results of Cryslalhzalions of Amino 
Acids from Uniagged Hepatoma Protein Hydrolysate to Which Was Added 
Radioactive dl Alanine Following Hydrolysis 


Sample No 

Ammo aetd 

COj from 
aliquot 

Net counts 
per nun per 

0 1 nm 

Counts per 
mm in total 
amount of 
ammo and 
added* 

Per cent 
activity m 
hydrol^tc 
accounted 
for 

1 

Glutamic 

wm 

2 0 

6 8 

0 4 

2 

tt 

BtiH 

3 3 

11 2 

0 7 

3 

Aspartic 

mISM 

3 1 

23 

1 5 

4 

a 


2 7 

20 

1 3 

5 

Glycine 

0 108 

1 6 

32 

2 1 

6 


0 093 

0 8 

16 

1 0 

7 

Alanine 

0 116 

85 6 

1440 

92 

8 

(( 

0 106 

90 9 

1530 

98 

9 

(t 

0 136 

91 1 

1533 

98 

10 

tt 

0 130 

88 5 

1490 

95 

11 

tt 

0 127 

91 0 

1530 

98 

12 

(( 

0 129 

84 9 

1490 

95 

13 

(i 

0 129 

88 5 

1562 

100 


Conditions used have been described in the text Triplicate ninhj drin deterniina 
tions and counts n ere performed on 1 co aliquots of hydrolysates, with the following 
reproducibility 0 102 mil, 1543 c p m , 0 100 mu, 1567 c p m , 0 102 mit, 1580 c p m 
Counts are expressed as net counts per minute in 1 cc of h> drolysate, if counted at a 
thickness of 0 1 mii of barium carbonate Since all of the activity in the hydrolysate 
IS known to be present as alanine, the percentages reported in the last column for 
Samples 1 to 6 necessarily rcpieseut contanunation, and the deviations from 100 per 
cent in Samples 7 to 13 aie due to experimental error 
* Corrected to 0 1 mxi thickness 

To test the eflectix'eness of the method of sepaiation, a sunilai expeiiment 
was earned out inth a hydiolysate of untagged hepatoma proteins, to vhich 
tagged alanine was added aftei hydiolysis The results of these expeii- 
ments aie presented m Tables IV and V 

Wrthm the lunrtations of accuracy of the experiments, it appears that 
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lirictu illy ill of dll' uti\it\ in the inoicin is mcoipoiated as alanine 
Inroiponition of i few pin iriit i^ nlliei uniiio at ids slill cannot be niled 
onl, bill UP lia\c obt lined no posituc i\idenrp foi it 
Rate oj Iiico) poralwn of Ic/ui/i/— The pciccntagc of alanine piesenfc m 
the Iner pioteins w is deleimined bj a coloiimetiic method (12) The 


1 VIII L V 


Results of Cnjstalli:atioii^ of Aiiitno ict(L from Piotcin H ijdi ohjsatc Prepared from 
Shoes of Hepatoma It Inch Had Been Incubated for 31 Hows uilh Radioactive 

III ilaninc 


'^anplc \o 

. 

Ammo aciJ 

COi from 
aliquot 

Net counts 
per mm per 

0 1 mu 

1 Counts per 
mtn m total 
amount of 
ammo acid 
added* 

Per cent activity 
m hj drolysate 
accounted for 














1 

Glutamic 

0 

113 

2 

2 

7 

5 

3 

5 

± 

0 

7 

2 


0 

083 

2 

4 

8 

2 

3 

8 

± 

0 

8 

3 

Aspartic 

0 

111 

0 

6 

4 

5 

2 

1 


1 

5 

4 

(< 

0 

115 

0 

4 

3 

0 

1 

4 

it 

1 

5 

5 

Glycine 

0 

120 

0 

4 

8 


3 

7 


3 

8 

0 

a 

0 

139 

0 

3 

6 


2 

8 

± 

3 

8 

7 

Alanine 

0 

126 

12 

0 

202 


94 


zir 

4 

2 

8 

(t 

0 

149 

13 

0 

218 


102 



4 

3 

9 


0 

138 

12 

9 

217 


101 


± 

4 

7 

10 


0 

135 

14 

1 

246 


115 


± 

4 

8 

11 

** 

0 

138 

11 

9 

200 


94 


± 

4 

7 

12 

It 

0 

137 

11 

7 

197 


92 


± 

4 

7 


The conditions used are descubed in the te\t Triplicate ninhydrin deteimina- 
tions and counts were performed on 1 cc aliquots of hydrolysate 0 07G mar, 
220 c p m , 0 077 nni, 216 c p ra , 0 080 mil, 205 c p m (Counts are expressed as net 
counts per minute in 1 cc of hydrolysate ifcounted at a thickness of 0 1 mil of barium 
carbonate ) Because of the relatively low specific activitj of the hj drolysate in 
comparison with that described in Table IV, statistical fluctuations in counting 
caused appreciable error in this experiment 1280 counts, divided into four runs of 
320 counts each, w ere collected from each sample Background counts were made 
betw een individual runs The probable errors shown refer to error due to statistical 
fluctuations in counting only Backgrounds averaged 15 4 c p m 

* Corrected to 0 1 msi thickness 

lesults obtained on separate noimal hveis and hepatoma nodules aie listed 
in Table VI 

From these lesults it is possible to calculate the percentage of radio- 
activity taken up by the liver slice and the rate of incoiporation of alanme 
into the slice 10,000 c p m , contamed in 5 miciomoles of OL-alamne, Mere 
added to each vessel 5000 c p m were thus present m 2 5 micromoles of 
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L-alanme Au aveiage of b2 c p m was incorporated into the proteins of 
the slices m a single vessel This latter figure represents 1 2 per cent of the 
total counts added as L-alanine An aveiage of 0 Ifa nui of ammo acids was 
found aftei hydrolysis of the piotein present m the two hvei shces contained 
in a single vessel If 8 pei cent of the total moles of amino acids is l- 
alanine, then there are 13 micromoles of L-alanme piesent m the shces in 
a smgle vessel Finally, the 62 c p m incorpoiated into the protems have 
been accounted foi almost completely in the alanme fi action of the protein 
hydrolysate These 62 c p m represent 0 03 micromole of L-alanme, or 
0 24 per cent of the total alanme in the slices In summary, approximately 
0 2 per cent of the total piotem-bound alanme in the slices appears to have 
been derived from alanme molecules origmatmg in the mcubation medium 
These rough calculations do not take into account the possibility that 


Table VI 

Molar FracHon of Liver Ammo Acids Accounted for 4.3 Alanine 


Normal Uvers 

Hepatoma nodulea 

. 0 095 

0 092 

0 063 

0 083 

0 089 

0 087 


On aliquots of the same protein hydrolysates, ninhydrm and colorimetric alanme 
determinations were carried out The moles of carbon dioxide liberated during the 
ninhydrm procedure (minus the carbon dioxide liberated from the y carboxyl group 
of aspartic acid) represent the number of moles of ammo acids present m the aliquot 
used The colorimetric alanme determination gives a value for the alanine fraction 
of these moles of ammo acid 


D-alanme may be acted on by n-ammo acid oxidase to yield pyiuvic acid, 
and then converted to L-alanme by tiansammation 
Expenmeiits vnth Labeled Glycine — ^It may be stated on the basis of the 
foregomg experiments that the rate of uptake of alanme into the proteins of 
hepatoma slices is greater than it is into the protems of normal liver slices 
The question now arises whether this difference is peculiar to alanme metab- 
olism 01 whether it may hold for other ammo acids as well With this 
question m mmd the following experiment was performed Slices were 
made from three types of hepatic tissues To the mcubatmg medium of 
certam of the slices was added, as usual, caiboxyl-labeled C“-DL-alanme, 
and to others carboxyl-labeled C“-glycme The result of this experiment, 


shorvn m Table VII, mdicates that radioactivity derived from glycme is in- 
corporated more rapidly into the slice protems of the hepatoma than it is 
mto the normal hvei This result is therefore qualitatively m accord ivith 




7\M1CMK lOI'TUlLD, VND STLPHbNSON 


309 


th it for al uunc equimolar coiiccutrations of oL-alanme and gly- 

cine, containing the simc concentrations of ladioactivity, were used, it is 
‘^iiggestnc tint the i itc of uptake of ladioactivity from glycine into nor- 
mal In cr piotcm is moie i ipid th in it is fiom alanine No accountmg was 
made, howcicr, of the ictivity present m the various ammo acids of the 
slice proteins when labeled glycine was added It is thus possible that the 
labeled carbon deii\ ed fiom glycine may have turned up m the slice protein 
in ammo acids othei th in glycine 

Tablc VII 


Comparison of Rates of Incoporation into Liver Proteins of ( 7 “ Activity Derived from 

Alanine and Glycine 


Tjpc of lucf tissue 

Type of labeled ammo acid 

Counts per nun 

Control 

DL-AIanme 

36 

a 


57 

Control hepatoma* 


94 

tl 

(( 

145 

Hepatoma 

(( 

329 


tt 

275 

Control 

Glycine 

180 

It 

tt 

138 

Control-hepatoma 

tt 

270 

it 

tt 

338 

Hepatoma 

tt 

505 

it 

tt 

563 


The same tw o rats furnished hepatic tissues for both types of experiment 10,000 
c p m , contained in 0 41 mg of dl alanine, were added to the appropriate vessels, 
and 10,000 c p m , contained in 0 37 mg of glycine, were similarly added While the 
same number of moles of dl alanine and glycine was used, the L-alanine represented 
only half the concentration of the glycine A strict comparison of the rates of up- 
take would require the use of l alanine, free from the presence of the d form One 
cannot multiply the alanine values given by 2 because of the possibility of conversion 
of labeled n alanine to l alanine via deamination and transamination 

* Control part of hepatoma-containing liver 

Miscellaneous Related E cperimenls — An expeiiment w^as performed on the 
rate of incorporation of C^'*-alanine into the protems of fetal hveis as com- 
pared with various other types The results are showm m Table VIII In 
this experiment it is clear that the fetal liver slices mcoiporated alamne mto 
their proteins at a rate approachmg that of the hepatoma In this connec- 
tion, Fiiedberg, Schulman, and Gieenberg (13) very recently expressed the 
view that homogenates of fetal livei synthesize piotem more rapidly than 
homogenates of adult livei Similarly, liver slices removed 48 hours after 
paitial hepatectomy incorporated alanine mto their protems at 3 tunes 
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the control rate'* An accelerated late of peptide bond synthesis is evi- 
dently not a unique property of the hepatoma, but does senm to distinguish 
its protem metabohsm from that of restmg adult livei tissue 
The possibility was considered that the hepatoma and fetal livei might 
contam extractable substances capable of stimulating protein synthesis m 
slices of nomral livei A well lorown phenomenon observed in tissue cul- 
ture v ork is the growth stimulation an explant of cells derives from the ad- 
dition to the medium of an aqueous extiact of an embryo With this con- 
sideration in mind, various tissue ex ti acts, concentrated and dilute, uere 
added to the medium m which contiol livei slices were incubated As in- 
dicated m Table IX, however, the extracts, mcluding the rat embryo ex- 
tract, had no stimulating effect on the mcoiporatioir of alanine into the 


Table VIII 

Uptake of Activity from C^*-Alamne into Fetal Liver 


Type of liver 

Counts per min 

Fetal* 

177 


ISO 

Hepatoma 

230 


lOI 

Control-hepatoma 

84 


84 

Normal liver 

31 


30 


1 


* 15 day old rat fetuses 


shce proteins In fact, the addition of a concentrated homogenate of nor 
mal hver to the mcubation medium depressed the uptake of alanine into the 
shce protems 

An experiment was carried out to answer the question whether the thick- 
ness of the shce was an important consideration as related to the uptake of 
activity With the Stadie-Riggs sheer, if piessure is exerted on the Incite 
piece which covers the tissue block, and if the knife blade is pressed firmly 
agamst the upper edge of the slot through which it is moved, a thmner slice 
may be obtamed than is otherwise produced It wms from this pomt of 
view conceivable that some artifact might be mtroduced due to the differ- 
ence m cutting properties of the normal liver and hepatoma It appears 
from the data in Table X, however, that such variations m thickness of the 
slice as might occur wmuld not critically influence the uptake of radioactiv- 
ity 

* Frantz, I D , Jr , and Bucher, N L , unpublished data 
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'Iho possibility i\as coiisiclLicd that idditiou to the mcubation medium 
of i siibst nice similar m stiucture to alanine might interfere ivith the up- 
take of alanine Accordingly, benzoylalanme was added It had, how- 
e\cr, no cleai cut cfTcct on the incorpoiation of alanine into either normal 
lucr or hepatoma 

The rate of o\ygcn consumption of the slices was followed foi two lea- 
faons (1) to pro\ ide c\ idcncc that the slice was suiwiving durmg the time of 


Tvdle IX 

hffccl of Iddilwn of 7'issue Dxlracla on Uptake of Radioactivity into Liver 

Slice Proteins 


Experiment \o 


Counts per min 

1 

Control 

31 



30 


“ -t- concentrated embryo homogenate 

27 



30 


“ -1- “ control “ 

9 



6 

2 

it 

46 

1 


40 


“ -f- control liver extract 

50 



57 


“ -f hepatoma extract 

40 



54 


“ -f fetal liver extract 

59 



41 


The data are expressed as previously described The concentrated homogenates 
ere made as follows 2 gm of 15 day-old rat embryo were minced and homogemzed 
in 8 cc of Krebs-Ringer-phosphate buffer The pH was adjusted to 7 4 2 gm of 

control liver were similarly prepared Slices of control liver were then incubated 
m 1 cc of each of these media 

The extracts were prepared as follows 0 4 gm of the appropriate tjTie of liver tis- 
sue was minced and ground in a mortar m 10 cc of Krebs-Ringer-phosphate solution 
The suspensions were centrifuged, and 0 2 cc of the supernatant was added to 0 8 
oc of Krebs-Ringer-phosphate solution Sbees were incubated in this medium 
0 1 cc of DL alanine was added in the usual way 

incubation and (2) to find out whether theie was a coiielation betxxeen the 
rate of oxygen consumption and the rate of piotem synthesis The data 
summarized in Table XI unply that such a correlation does exist The 
hepatoma slices mcoiporate moie alanme (i e , appear to synthesize more 
protein) per miciohter of oxygen consumed than do the normal liver shoes 
In a single experiment, C^^-alanme was mjected subcutaneously mto a 
rat beai mg a small hepatoma 2 hours latei , viviperfusion (15) was carried 
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Tvbi^e X 


Effect of Thichness of Slice on Rale of Uptake of Alamnc into Liver Proteins 


. . 1 


mil BaCOa 

Counts per mm 

Normal control liver 

Thin 

0 149 

30 


« j 

0 208 

23 


Thick j 

0 224 

24 



0 249 

24 

Hepatoma 

Thm 

0 146 

05 


U 

\ 

0 166 

109 


Thick 

0 250 

104 


<i 

0 191 

1 192 

Control-hepatoma 

Thin 

0 139 

39 


41 

0 160 

36 


Thick 

0 264 

25 


U 

1 0 263 

34 


Table XI 


Relation between Oxygen Consumption and Uptake of Radioactivity 



Oj consumed ^ 

Counts per mm I 
incorporated 

Counts per mm 
tacorporated pet micro- 
liter Oj consumed 

Control 

Control-hepatoma 

Hepatoma 

micrelilers 

50 db 7 

56 ± 6 

81 dt 8* 

37 zk 10 

91 ± 19 

255 ± 62* 

0 74 ± 0 19 

16 db 0 23 

3 1 da 0 74* 


At least seven values are included in each arithmetic mean given above Each 
mean is followed by the probable error, computed from the spread of the data (not 
from the number of counts accumulated) It should be pointed out that these are 
probable errors, not probable errors of the mean, and are indicative of the degree of 
variation from experiment to experiment rather than of the degree of accuracy to 
which the mean is known 

Since it was undesirable to dry the slices at the end of the incubation period prior 
to hydrolysis of the proteins, the oxygen consumption is not expressed as Qoi The 
oxygen consumption is related to the quantity of barium carbonate obtained bynin 
hydrin decarboxylation of the ammo acids present in the hydrolysate of the shoe 
protems The values for oxygen consumption and counts per min incorporated are 
therefore expressed per 0 1 mu of barium carbonate, which is a way of relating these 
data to the quantity of protein present in the tissue slice 

* Sigmfies that the difference from control and control-hepatoma is significant 
(P <0 01) (14) 

out, the animal’s blood bemg washed out by a laige volume of Tyrode’s 
solution The liver was then removed, and the hepatoma nodule was dis- 
sected free from surroundmg non-malignant liver tissue A 50 per cent 
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greater rate of incoipor itiou of labeled alanme into the hepatoma piotems 
i\aa found than into the non-mahgnant hvei proteins 


DIbCUbSIOV 

It 13 probiblc that i Incr slice, scpaiated fiom its normal nutiitional 
supply by a traumatic process, and immeised in an e\tiaceUular type of 
medium, does not pioMde optimal conditions foi piotem symthesis The 
net over-all process in this situation is doubtless pioteolysis Since less 
than 1 per cent of the al mine molecules contained m piotem has been m- 
corporatcd during the time of incubation, a difference in the rates of the pro- 
tein-degrading processes, no matter how gieai, in the normal livei and hepatoma, 
cannot account for the highei percentage of radioactivity in the hepatoma 
The greatei rate of uptake of labeled ammo acid mto protems of the hepa- 
toma thus implies a gi eater i ate of peptide bond synthesis This conclusion 
IS at variance with that which Rittenbeig and Shemm (16) reached as a 
result of studies of mcoiporation of stable isotopes mto whole animals 
^Tnle it appears leasonablc to conclude from the present experiments 
that alanme is incorporated mto piotems (and trichloroacetic acid-pre- 
cipitable peptides) of liver slices, this findmg may be interpreted m at least 
tiio ways Fust, alanme may be built mto protem or peptide molecules 
as they are being newly foimed Secondly, alanme from the incubation 
medium may be exchanged foi alanme molecules piesent m thp mterioi of 
existing protem molecules Both processes may conceivably take place 
Smee the present experiments do not pennit a decision bet teen these possi- 
bilities, the term “exchange” has been avoided , 

Fmally, the present experiments suggest the possibility that the slice 
technique for measurmg the rate of protem synthesis m normal liver and 
hepatoma may be used as a screen test for potential tumor inhibitors If 
an agent can be found capable of mhibitmg selectively piptem synthesis m 
hepatoma slices, it is worthy of more extensive trial on whole animal tumors 

SUMftLXKY 

The rate of mcoi-poration of C“-carboxyl-labeled DL-alanme mto the 
proteins of rat liver slices was investigated The rate of ijptake of activity 
m survivmg slices of hepatoma nodules was 7 times that cf slices of nonnal 
livers and 2§ times that of slices from the non-mahgnant portion of the 
hepatoma-contaming livers A preponderance of the activity mcoipoiated 
was accounted for m the alanme fraction of the piotems An mci eased rate 
of uptake of activity mto hepatomas was likewise found when C“-caibox 3 d- 
labeled glycme was used It is concluded that, undei the conditions used, 
the primary p-dimethylammoazobenzene-mduced rat hepatoma mcorpo- 
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rates alanine more lapidly mto protem than does normal restmg adult rat 
livei 

The authors vush to thank Miss Ann Wernei and Mrs Ruth Slaiman for 
technical assistance They aie indebted to Piofessoi Joseph C Auh and 
Professoi Robley D Evans for valuable advice and encouiagement 
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THE QU VNITT VTIVE SEP VRATIOX OF PURINES, 
PYRLMIDINFS, \ND NUCLEOSIDES BY 
PVPER CHROM VTOCIRAPHY 

UOLLI\ D HOTCHKISS 

(troin the Hospital of The Roclefelhr Institute for Medical Research, New York) 
(Received for piiiihcition, Mnrcli 10, 1048) 

The sepiration of imino icid mi\tiiies by raigiation i\ath oiganic solvents 
m filter papei has been successfullj' accomplished by many workers since it 
was first described by Consden, Goidon, and Mai tin (1) Each amino acid 
travels in a more oi less \s ell defined spot m the body of uniformly migiatmg 
solvent and can be visualized in the diied papei as a local spot givmg a color 
reaction w ith ninhydrm The pi esent papei repoi ts the separation of the 
punnes and pyrimidines contained in nucleic acids, and seveial related 
compounds, by the movement of a boundaiy of n-butyl alcohol along paper 
strips Vischer and Chaigaff (2) have desciibed the principal steps of a 
procedure foi separating the two bases, guanine and adenine, from nucleic 
acid m a moving body of a quinoline-collidine mixture These purines 
w'ere located in the papei by precipitation of mercury sulfide after formation 
of the msoluble mercury salts and washing in dilute acid After complete 
removal of the quinoline and collidine it was possible to identify the guanine 
and adenme by their absoiption maxima in the ultraviolet range 

Advantageous features of the method described below aie as follows 
{a) The five bases, cytosine, thymine, uiacil, adenine, and guanine,' can in 
microgram quantities be completely separated from one another (h) The 
separated substances are detected by ultraviolet spectiophotometiic ex- 
amination of solutions prepared by soaking excised poitions of the paper in 
water (c) An organic solvent is used w'hich does not mterfere wntb ultra- 
violet spectrophotometry (d) Recovery of the individual constituents is 
essentially quantitative, with an error of 10 per cent oi less (e) Spectro- 
photometric standards of purity are piovided w^hich make it possible to 
identify each component and (/) to deteimine wnth considerable accuracy 
the composition of binary mixtures which may result from a migration not 
carried far enough to give altogether complete separations {g) 1 mg or 
less of a nucleic acid can be examined for the rate of liberation of its mtroge- 
nous bases during partial enzymatic or acid hydrolysis (A) Some simple 
derivatives such as nucleosides can be purified and identified m this pro- 
cedure (^) Less soluble substances, or dilute solutions, are used by evapo- 
ration of moderately large volumes of solution upon a small spot in the 
paper, locally heated 
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Ceitain aspects of the method leraain imsatisfactoiy oi disadvantageous 
{a) Guanine does not migiate appreciably in butyl alcohol and so it le 
mams uith imhydioljzed nucleic acid, nucleotides, or othei alcohol-in- 
soluble substances in the initial spot Without use of a second solvent, 
guanine can therefoie be isolated in pure form only from certam simple 
mixtures or completely hydrolyzed material (b) Phenylalanme (and 
possibly tryptophan, but not tyiosme) may, if present, appear on the paper 
in the region occupied by cytosine Its presence can be recognized through 
the ninhydrm color reaction oi through spectiophotometiic study of the 
fractions While certain synthetic phenols and aromatic acids would like- 
■wise interfere, probably very few natural products will be foimd to do so 
(c) As m other paper ehiomatogiaphy, large quantities of the substances 
or even of ceitam foreign mateiials often tend to make the separation less 
sharp (d) Variations m watei content of the papei, or other ill defined 
factors, make it difficult to predict exactly the position that \vill be occupied 
by isolated compounds, relative positions and relative rates of flor\, on the 
other hand, are constantly reproducible 

Some of the disadvantages mentioned may eventually be overcome 
through use of successive solvents or a difieient initial solvent The 
method as desciibed promises to be useful m the quantitative study of the 
composition of nucleic acids, then constituents and derivatives, and the 
manner of their enzymatic or hydrolytic degradation 

EXPERIMENTAL 

Apparatus — The majority ot the chi omatograms weie developed m a 
Pyiex glass cylmdei surmounted by a flanged alummum ring closely fitting 
the cylinder and servmg as the suppoi t foi brass arms holdmg horizontally 
placed cylmdrical glass troughs and glass rod separators, about 140 mm m 
length A glass plate is placed upon the plane upper surface of the alumi 
num ring to give a closed system Eaily experiments weie successfully 
earned out rn an ordinary glass and metal aquanum lestmg upon one end 
and closed at the side vath a glass plate In this chamber a ood and metal 
rmg stand supported a rectangular, glass stammg dish cover, which served 
as the trough The metal used was not observed to cause any distmbances 
m either of the chambers, wood, however, becomes swollen and saturated 
with solvent vapor, and should not be used m systems with more than one 
organic solvent 

Volumes of solution larger than 0 017 cc veie placed upon a small area 
of the paper, locally heated by curvmg the strip over a horizontal glass tube, 
10 mm in diameter, jomed between a flask of boilmg water and a reflux 
condenser The fluid samples are delivered from a calibrated capillary 
pipette (3) by touchmg it to the paper from time to time as drymg occurs. 
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Thcie has been no incIiLation Unit the piesimiptive local drying of the paper 
has mnucuced the lesolution of eithei pynmidmes, puimes, oi ammo acids 
Solutions wcie examined in 3 cc quantities m the model DU Beckman 
photoclcctiie quai tz spcctiophotometer 
d/atma/fi— The paper used was Whatman No 1, as recommended for 
ammo acid deteimm itions (1) Aqueous extiacts of this paper have only 
^el•J low absorption m the ultiaviolet, as discussed below' n-Butanol was 
used as the oiganic solvent in all of the w'oik lepoited here The bottom 
of the chambei was coveied with equal portions of butanol and waatei and 
the aqueous phase was brought to about 2 5 pei cent concentiation of 
gaseous ammonia by addition of concentiated ammonia The troughs 
contained butanol saturated wath water at the prevailing room temperatuie, 
w'lthout added ammonia ’ 

Two lots of each of the principal bases w'eie used from Hoffmann-La 
Roche, Inc (Basel), adenine, guanine, and uiacil, kindly made available by 
Dr A Claude, from the Schw'aizLaboiatoiies (New York), adenme sulfate, 
guanine, thymme, and yeast nucleic acid, from the Eastman Kodak Com- 
pany (Rochester), uracil and yeast nucleic acid, from the Dougherty 
Chemicals (Richmond Hill, New York), cytosme In addition, crystallme 
samples of thymme, cytosme, xanthine, hypoxanthme, adenosine, cytidme, 
guanosme, and thymidine, prepared m the laboiatoiy of the late Di P 
^ Levene, were employed Desoxyribonucleic acid was prepaied fiom 
calf thymus accordmg to the method of Musky (4) 

Weighed amounts of the puie bases w'eie dissolved m watei, neutialized 
to about pH 7 if necessary, and the concentration accurately deteimmed by 
Kjeldahl determination of nitrogen Fiom these solutions the standard 
curves foi puie bases w'eie obtained and the mex tines submitted to sepa- 
ration were prepared The nucleosides were not available m sufficient 
quantity for nitrogen analysis, accoidmgly the relative absorption data are 
more dependable than the absolute for these substances 
All calculations based upon absolute weight throughout this papei refei 
to the anhydrous free bases 

Nucleic acids were hydrolyzed m aqueous hydiochloric acid for 2 hours at 
120° in the autoclave The acid was later removed by evaporation to dry- 
ness in vacuo, and the hydrolysate, dissolved m a small volume of water, 
was neutralized with sodium oi ammonium hydroxide 
Preparation of Paper Chromatogram — The solutions to be mvestigated are 
deposited upon spots or bands distributed along a pencilled “staitmg Ime” 
drawn transversely about 50 mm from one end of the paper strip The 
spots are narrow (10 mm or less) m the direction of flow, but along the 
startmg Ime are spread foi a distance such that each mm of length cames 
approximately 1 y (and preferably not more than 5 y) of the mdividual 
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bases iXJ ost of the work desci ibed here \\ as done on paper stnps 125 X IbO 
mm , bear mg three or four initial spots approximately 10 X 20 to 25 mm 
in size, aiianged at least 10 mm apait The solutions are applied m the 
mannei indicated above to these spots outlined m pencil Such spots can 
cany 20 to 100 7 of individual bases 01 the degiadation products of 1 mg 
of nucleic acid 

The end of the papei strip is inserted into a glass tiough and weighted by 
a large glass rod so that the startmg Ime, which is neat this end, is just at 
the pomt wheie the paper curves ovei the glass rod sepaiatois and projects 
dowmwmid Aftei the stnps aie in place and the bottom of the chamber is 
provided with butanol-w'atei as mentioned, n-butanol satuiated with w'ater 
at 100 m temperatuie is added to the trough and the chamber is closed A 
jacket of corrugated paper is placed about the cylinder to protect it fiom 
draughts and exposure to ladiatois or wundows, which can have disastrous 
effects on an improtected system 

After 16 to 24 hours at about 25°, the position of the butyl alcohol front 
IS maiked, and the strip is removed and hung upside down to dry The 
individual “lanes” can be cut apart at this time for separate treatment with 
ninhydim, etc , 01 foi separate cutting of strip segments 

Transverse segments are now cut fiom each lane on a trimming board 01 
with scissors at successive chosen intenmls, such as eveiy 10 mm The 
precision of the method may often justify making segments as narrow as 5 
mm , and in vacant areas segments of 20 or 30 mm w idth are convenient 
Each excised piece is placed in a clean test-tube and then soaked 1 lioiii or 
more in 3 5 cc of distilled water In this work the paper may be touched 
w ith the hands, but is preferably subjected tp a minimum of such exposure 

The absoiption of the eluted solutions at 260 m/i is determmed in the 
spectrophotometer A giaph 01 table of this absorption correlated watli the 
distance tiavelled from the starting line (to the mid-pomt of the segment) 
reveals a series of absorption peaks corresponding to the constituents winch 
have been separated from the original mixture Figs 1 and 2 and Table I 
present typical data It wall be seen that the presence of several substances 
m each mixture is clearly indicated 

The identity of the separated substances is ascertained by more detailed 
spectrophotometiic examination of the various eluted solutions In the 
work to be described below , 3 cc of these solutions were placed in the quartz 
cuvettes and exammed as desired, either in this approximately neutial state 
or after being made 0 1 n m alkali 01 acid For the latter purposes, 0 06 cc 
(in routine work, 1 diop) of 5 n sodium hydroxide w^as added, tollow'ed when 
desired by 0 05 cc (or 1 drop) of 12 n (or concentrated) hydrochloric acid 

In w'hat follow's the procedures are grouped according to four aims to be 
achieved (o) rigorous test of the method, 01 of new solvents, etc , by study 
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50 Xk) 150 mm 

Distance along popen stpip 


Fig 1 Distribution of known bases in paper chromatogram 



Distance along papen strip 

Fiq 2 Distribution of bases from thymus desoxyribonucleic acid hydrolyzed 2 
hours at 120° in 2 4 n hydrochloric acid 

of identity and piiiity of solutions obtained at or near the positions of peak 
absoiption, (6) loutme identification of substances isolated near the peaks, 
(c) loutme procedure foi determination of quantitative composition of 
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those pure solutions oi binary mixtures which may be obtamed at the low 
points between the absoiption peaks, and (d) complete quantitati\e analysis 
of mixtuies of bases 

Identification of Isolated Major Constituents — Those eluted solutions 
havmg high absorption values at 260 mu may be fmther studied to deter- 
mme then composition In oidei to demonstrate m this mvestigation that 
pine pyrimidines and purines may be lecovered fiom hydrolysates of nucleic 


TABLb I 

Position of Pyrimidines and Purines in Butanol Payor Chromatograms 



Rxinge o£ 80 per cent distribution in paper 

Average Rf’ 
values all 
experiments 
(300-350 nun.) 

Substance 

KnoT^n 

Mixture 

I 

Known 

Mixture 

II 

Yeast nucleic 
acid 

bydiolysatc 

lliiTnus 
nucleic acid 
hydrolysate 


mm 

mm 

min 

mm 


Solvent front 

377 


360 

360 


Thymine 

205-223 




0 54 

Adenine 

176-195 

138-159 

143-163 



Uracil 

125-144 


109-132 


BH 

Cytosine 

98-115 

81- 96 

82- 97 


WSM 

Guanine 

0 


0 


0 0 



Known 

Mixture 

IV 

Known 

Mixture 

V 

Known 

Mixture 

VI 


Solvent front 

377 

340 

340 

351 


Thymine desoxyriboside 



160-183 


0 51 

Adenosine 

118-139 

96-113 



0 33 

Cytidme 

66- 77 


35- 61 


0 16 

Guanosine 

35- 60 

22- 41 



0 10 

Guanine desoxyriboside 




65- 84 

0 21 

Xanthine 





0 01 

Hypoxanthine 





0 18 


*Rf = mm traveled by the base per mm traveled by the solvent past the starting 
line, maximum variation, ±0 03 Quantitative range of distribution, determined 
as described in a later section 


acids and horn known mixtures, the absorption cuives from 220 to 310 
were determmed at inteiwals of 5 m;t m the Beckman spectrophotometer 
Standard curves foi authentic samples of pure bases and cuiwes from 
typical samples lecoveied on paper stiips are given m Figs 3 to 5 The 
close coirespondence of the data for authentic and recovered bases indicates 
that the substances are isolated essentially free of othei ultraviolet-absorb- 
ing matenal The case of guamne ivill be discussed moie fully below 
In identification and determination of puiity of bases, it has proved useful 
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CO tic it ihc (ju u\( it.it i\ c (1 it.i on the basis of intios to a peak optical density 
arbitral ily taken as 1 0 at tlio absorption maximum The Tnax im u m, 
normally aiound 260 m;i, is determined within 5 mu and all optical density 
values are divided by the \ aliio found at this wave-length Expression of 
results in this foim ficilitates compaiison of cuiwes obtamed with widely 
diffenng concentiations With the spectiophotometei used the curves are 
reliable enough for identification of the common purmes and pynmidmes 



Fig 3 RGlative absorption curves of adenine and thymine in neutral solution 

whenevei the peak absorption is from 0 15 to 1 50 optical density units 
With lower total absorption it becomes more important to make the blank 
corrections mentioned below 

The relative absorption data for the five bases m neutral, alkabne, and 
acid solutions aie collected in Table II, together with similar standards foi 
certam related compounds These standard values are in approximate 
agreement with those estimated as accurately as may be done from the 
curves available m the hterature (5—7) The absolute absorption, Nseoj of 
a umt concentration is also given, and is used m the calculation of absolute 




322 


P\PER CHROMATOGRAPHY 


weight of a base fi om absoiption measurements The ratios of the maxima 
m alkalme and acid solution to the neutral maximum, max /N,ra-t , aie also 
given and indicate the shifts in magnitude of absorption at the different 
acidities These shifts are in some cases highly characteristic, and do not 
appeal fiom the literature to be well knowm 
Not only is the coiiespondence between the absorption of authentic and 
recoveied bases m neutial solution legularly as satisfactory as indicated in 
Figs 3 to 5, but equally good agieement is found in data flora alkaline or 



Fig 4 Relative absorption curves of uracil and cytosine in neutral solution 

acid solutions (not shown hei e) The recovered guanme alone is not highly 
pure, although it is readily identifiable Undoubtedly the difficulty arises 
in pait from the immobility of guanine m a flowing cuirent of butyl alcohol, 
such that it will tend to remain in the same fraction with unhydiolyzed 
nucleotides or charred decomposition products which may be piesent m 
small amounts m hydrolysates In any case, smce guanme is extiemely 
insoluble m water, only small amounts of it will be encountered, simple 
filtiation or centrifugation suffices to recover a large part of the guanme 
piesent in a neutrahzed hydrolysate 
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In procifcc woilv it i', deaiiable to correct absorption measurements foi 
bliiik eiioi-, -ucli !■, cinette iibsoiption and the absoiption of an eliute 
fiom i blank poitioii of the solvent-tieated papei The lattei collection 
\aries foi the papei mentioned fiom 0 01 (optical density units) at 280 ni/i 
to perhapb 0 03 it 220 nipi foi a 10 mm segment cut fiom a 40 mm lane 
ind iniy theiefoie be neglected in ubual loiitine ivork It is apparently 
due to bubstanceb h iving low teiminal absoiption m the ultraviolet range 
and IS not m itei lall}’- affected by the pasbage of a butyl alcohol front through 



Fig 5 Relative absorption curves of guanine in neutral and alkaline solution 

the paper Previous w^ashing of the papei wath water reduces it to some 
extent, but is not recommended smce uneven drying appears to produce 
local changes in the texture and capillary properties of the paper 
The blank errors of the sort just mentioned as well as fluctuations of the 
pH tend to make reproducibility of the standard curves somewhat less good 
m the range 220 to 240 m/i, even wuth authentic samples, therefore, undue 
w eight IS not placed upon comparisons made m this portion of the spectrum 
In Fig 2 a mmor constituent designated “epicytosme” is mdicated, having 
a migration rate somewhat greater than that of cytosme This small peak 
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Standard Uliravtalel Absorption Data on Purines and Pyrimidines 


Wave length, m;i 

Tbyrmne 

Adenine 

Uraal 


OH 

N 

H 

OH 

N 

H 

OH 

N 

H 

310 

0 25 

0 

0 

0 

0 

0 

0 03 

0 

0 

300 

0 77 

0 

0 

0 

0 

0 

0 32 

0 

0 

295 

0 94 

0 02 

0 025 

mmm 

0 

0 

0 63 

0 

0 

290 

1 00 

0 10 

0 10 

EES 

0 


0 885 

0 

0 01 

285 

0 985 

0 275 

0 275 

0 12 

0 03 



0 04 

0 05 

280 

0 96 

0 51 

0 51 

0 48 

0 12 


0 99 

0 17 

0 18o 

275 

0 92 

0 74 

0 75 

0 77 

0 30 


0 93 

0 42 

0 42 

270 

0 87 

0 92 

0 925 

1 00 

0 675 


0 85 

0 676 

0 68 

265 

0 80 

1 00 

1 00 

EM 

0 88 


0 77 

0 90 

0 90 

260 

0 70 

0 955 

0 955 

EM 

1 00 


0 68 

1 00 

1 00 

256 

0 575 

0 835 

0 835 

Era 

0 915 

0 935 

0 58 

0 97 

0 98 

250 

0 465 

0 66 

0 665 

0 515 

0 765 

0 765 

0 475 

0 84 

0 845 

245 

0 42 

0 485 

0 49 

0 39 

0 59 


0 39 

0 66 


240 

0 475 

0 335 

0 345 

0 31 

0 43 

0 42 

0 38 

0 465 

0 48 

235 

0 69 

0 245 

0 265 

0 31 

0 295 


0 49 


0 32 

230 

1 07 

0 27 

0 285 

0 52 

0 21 

SWIK 

0 74 

0 21 

0 23 

225 

1 55 

0 445 

0 46 

1 02 

0 18 


1 12 

0 23 

0 24 

220 

2 3 

0 72 

0 735 

1 6 

0 29 


1 8 

0 42 

0 42 

Ma\ /Nmai 

0 67 


0 985 

0 89 



0 745 



Kec 


59 



105 



72 



Cytosine 

Guanine 

Thyniine desoiynboslde 

310 

0 005 

0 

0 



0 01 

0 

0 

0 

300 . 

0 13 

0 005 


0 04 


0 08 

0 02 

0 01 

ran 

296 

0 385 

0 025 


0 216 

0 18 

0 IS 



0 . 

290 

0 68 

0 085 

0 475 

0 44 

0 35 

0 32 

0 145 

0 19 


285 

0 895 

0 26 

0 73 

0 70 

0 54 

0 44 

0 345 

0 40 


280 

1 00 

0 555 

0 96 

0 90 

0 7 

0 54 

0 60 

0 64 

064 

276 

0 94 

0 82 


1 00 

0 75 

0 60 

0 83 

0 855 

0 85 

270 

0 79 

0 98 

0 95 

0 97 

0 7 

0 62 

0 97 

0 975 

0 97o 

265 

0 62 

1 00 

0 805 

0 875 

0 68 

0 65 

1 00 

1 00 

HH 

260 

0 47 

0 93 

0 62 

|ll^ 

0 71 

0 73 

0 925 

0 92 


256 

0 36 

0 80 

0 45 


0 845 

0 90 

0 SO 

0 775 

0 110 

250 

0 31 

0 72 

mi 


0 975 

1 00 

0 685 

0 60 

mm 

245 

0 35 

0 72 

Era 


1 00 

0 99 

0 645 

0 435 

0 « 

240 

0 525 

0 80 

0 135 


0 895 

0 86 

0 70 

0 305 

0 3lo 

235 

0 795 

0 93 



0 71 

0 68 

0 855 

0 24 


230 

1 06 

1 05 

0 23 


0 52 

0 52 

1 09 

0 29 


225 

1 25 

1 2 

0 425 

1 6 

0 41 

0 44 

1 3 

0 46 


220 

1 6 

1 3 

0 69 


0 51 

0 51 

1 8 

0 68 

^s 


1 10 

mu 

1 60 

0 87 

(1 0) 

1 18 

0 775 

mm 




Si 



40 



36 1 

— - 


324 




































Tvbll II — Concluded 


\Va\c-lcngUi, nv» 


ClUatnne dc50x> riboside 


Guxioinc nbo icic 


Cytosine riboside 



on 

N 

i " 

1 011 

N 

H 

OH 

N 

1 H 

310 

0 


■1 


0 

0 02 


0 

H 

300 

0 


0 135 



0 145 


0 07 

lEEl 

295 


0 075 

0 29 







290 

tn 


0 45 

ISli’i 

0 15 

0 455 

iia 

0 41 

0 745 

2S5 

0 305 

1 0 42 

0 59 


0 43 

0 585 


0 675 

0 935 

2S0 

0 CO 

0 5S 

liliifi 


0 575 

0 C55 

0 825 

0 88 

1 00 

275 

0 &15 

0 GG5 

Ha 

r 


0 685 

0 975 

1 00 

0 96 

270 

0 97 

0 715 

0 71 

■Bill 

0 71 

0 72 

1 00 

0 98 

0 84 

205 


0 75 

0 795 


0 75 

0 82 

0 93 

0 89 

0 67 

260 

0 99 

0 SG 

0 935 


0 86 

0 965 

0 81 

0 765 

0 495 

255 

0 9G 

1 00 



0 995 

1 00 

0 725 

0 655 

0 34 

250 

0 SO 

0 995 

0 915 

0 87 


0 92 


0 60 

0 225 

215 

0 71 


0 785 


0 895 

0 74 


0 60 

0 155 

240 

0 54 

ms 

0 585 



0 54 


0 625 

0 14 

235 

0 42 

0 475 



0 475 

0 36 


0 675 

0 185 

230 

0 40 


0 2G 

0 43 

0 31 

0 25 


0 75 

0 31 

225 

0 01 

0 205 

0 2-1 


0 22 

0 27 


0 815 

0 50 

220 

1 4 


0 38 

m 

0 25 

0 45 

1 3 

0 91 

0 68 




0 885 

0 85 

(1 0) 




1 36 

Nm 


44 



41 






Adcnme riboside 

■'Can thine 

Hypoxan thine 

310 




0 06 

0 

0 

0 

0 

0 

300 

0 

0 

0 

0 41 

0 01 

0 

0 01 

0 01 

0 01 

295 




0 67 

0 04 

0 

0 04 

0 03 

0 03 

290 

0 

0 01 

0 05 

0 89 

0 12 

0 04 

0 08 

0 06 

0 06 

285 




1 00 

0 31 

0 16 

0 15 

0 12 

0 09 

280 

0 IG 

0 165 

0 23 

0 98 

0 59 

0 39 

0 31 

0 18 

0 14 

275 

0 39 

0 38 

0 42 

0 86 

0 86 

0 66 

0 60 

0 29 

0 20 

270 




0 70 

1 00 

0 91 

0 84 

0 43 

0 32 

265 

0 92 

0 90 

0 89 

0 54 

0 98 

1 00 

1 00 

0 58 

0 50 

260 

1 00 

1 00 

0 995 

0 43 

0 86 

0 97 

1 00 

0 75 

0 70 

255 

0 94 

0 95 

1 00 

0 42 

0 68 

0 82 

0 91 

0 91 

0 90 

250 

0 775 

0 805 

0 84 

0 48 

0 53 

0 64 

0 75 

1 00 

1 00 

245 

0 57 

0 60 

0 635 

0 53 

0 41 

0 48 

0 60 

0 95 

0 98 

240 

0 40 

0 42 

0 44 

0 57 

0 36 

0 41 

0 46 

0 79 

0 86 

235 

0 275 

0 27 

0 29 

0 61 

0 37 

0 46 

0 40 

0 59 

0 66 

230 

0 24 

0 18 

0 23 

0 78 

0 39 

0 51 

0 48 

0 40 

0 46 

225 

0 34 

0 17 

0 31 

1 4 

0 42 

0 52 

0 90 

0 29 

0 30 

220 

0 S 

0 37 

0 58 

2 8 


0 52 

1 8 


0 23 

Max /Nn.„ 

1 00 

(1 0) 

0 95 

1 00 

(1 0) 

1 02 

1 00 

(1 0) 

1 06 

Njeo 


54 



44(70 



47 Ca 



OH, N, and H refer to alkaline, neutral, and acid solutions, respectnely, the 
absorption values are the ratios to a maximum taken as 1 00, max /Nmai relates 
these maiama to the neutral maximum, H » at 1 mg per cc is the neutral absorption 
at 260 m /1 of an absolute standard 
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has been obseived lepeatedly m the chiomatogiaphic patterns from acid 
hydiolysates of a piepaiation of calf thymus desoxyribonucleic acid The 
absoiption chaiacteiistics of this mateiial lesemble those of cytosme with 
lespect to shift in acid, alkali, etc , neveitheless, the fraction is distmct 
fiom cytosme and is cleaily not uiacil Wliile it may be an aitifact of 
acid-high teirpeiatuie hydiolysis, its consistent appearance even at differ- 
ent concentrations of acid suggests that it may be a base constituent pre 
existmg m the nucleic acid In this connection it might be pomted out that 
5 methylcytosme was lepoited by Jolmson and CoghiU as a constituent of 
the desoxyiibonucleic acid of the tubeicle bacillus (8) Fuithermoie, it is 
true that epicytosme stands m the same relation to cytosme with respect 
both to its absorption spectrum and its mobility m butanol that thymine 
(5-methyluracil) does to uiacil More than this cannot be said until 
fm thei study of epicytosme has been made 
Another abnormality that has occasionally been noted is the appearance 
of an “epiguanine,” tiavelmg about 0 7 as fast as cytosme and having a 
double band spectrum somewhat lilce guanme This substance is believed 
to be a derivative of guanine, probably an artifact, formed m the hydrolysis 
of ceitam desoxyribonucleic acid preparations 
Routine Identification of Major Constituents — Foi less rigoious identifica- 
tion of the isolated fractions, use is made of ceitam characteristic features 
of the absorption at a few chosen pomts m the absorption spectra The 
distmguishmg featuies which have been used to difterentiate the bases are 
mdicated m Table III Mention should agam be made that guanine 
absorption responds to small fluctuations m pH, so that quantitative data 
for this base aie not so readily reproducible 

Determination of Composition of Binary Mixtures Obtained between Absorp 
iion Peaks — In some places between the peaks, optical density of the eluate 
at 260 mp may be as low as 0 10 oi less, and identification of such small 
amounts of bases by the methods ou timed heietofore would be impossible 
Fuitheimore, if the solvent migration has not been earned far enough, oi if 
the papei segments have been cut too ivide, these regions may cany small 
amounts of two individual bases derived from the absorption peaks on 
either side of the spot m question In case information about these weaker 
solutions IS desiied, a quantitative analysis can be made, based upon the 
assumption that they contain no ultiaviolet-absoibing substances other 
than one oi both of these two bases 

Simultaneous equations can be derived foi any two bases at any two 
ivave-lengths from the data m Table II Since, however, the accuracy of 
such a calculation depends upon havmg a maximum of difference between 
the absorption contributions of the twm components, certam wave-lengths 
are far moie useful than others Briefly, use is made of the followmg facts 
thymme or uracil absorption is shifted much farther mto the longer wave- 
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lengths thin tluL of ulenine bj' addition of alkali, and absoiption by 
cytosine e\teuds f irtlier tli in that of uiacMl into the longei wave-lengths m 
neutnl, and especially in icid, solution 
In the calculations that follow, totil absolute absoiption (conected foi 
paper and cuvette blanks) is indicated by the svnnbols used in Table III 
Partial absorption talciil itcd ioi i given component is turthei identified by 


1 vBi 1 in 

Characltristtc ibsorption 1 tilues of Individual Puiiiics and Pyriniidines 


1 

\ . 
N-« 

No# 

N IS 

OIItM 

OH VO 

Other characteristics 

Thj mine 

0 71 

0 56 

I 03 

Xeso/N CO — 0 53, OHmax 3’t 
290 ni/i 

■Vdenine ^ 

0 11 

0 16 

0 05 

NA 0 /N 260 = 0 12 , OH shift small, 
H shift > 111 uracil or thymine 

Uracil 1 

I 

0 10 

0 32 

0 89 

— 0 1/, OHmax 3-1' 

285 

Cytosine 

0 82 

1 46 

0 68 

■Umax ^ Nmax > ^ Umm Or 

OHmin , H shifts toward long 
wave 

Guanine 

1 1 

0 52 

0 50 

2 bands, N « and Nsis, sensitive 
to pH 

Thymidine (desoxyrilioside) 

0 85 

1 

0 67 

0 24 

Like thymine except OH shift 
less, OHinjD NmiD 

Adenosine 

0 42 

0 32 

0 02 

Like adenine but not affected by 
alkali 

Cytidine 

1 12 

1 25 

0 37 

Like cytosine except OH shift 
toward short wave, OHm.n > 
Xraia ^ Hniin 

Guanosine 

0 88 

1 

0 35 

0 16 

Like guanine except OH shift 
smaller 

Guanine desoxj riboside 

0 89 

0 34 

0 16 

Like guanosine 

Xanthine 

0 87 

0 93 

0 91 


Hypoxanthine 

0 50 

0 42 

0 26 


2 \mino uracil (isocytosine) 

1 07 

0 26 

0 32 




OH, N, and H refer to absolute absorption in alkaline, neutral, and aeid solutions, 
respectively, the subscript indicates the wave-length in mu of the maximum or 


minimum 

a subscript initial of the substance concerned Thus, OHsbst indicates that 
portion of the absoiption in alkaline solution at 265 mp which is due to 
thymine 

(o) Thymine-Ademne Mixtures — For this pan the absorption is deter- 
mmed m alkaline solution at 290, 280, and 265 mp (absorption at 260 mp m 
neutral solution bemg alieady knowm) 

Smee OHsmt = 0 79 OH290T, and smee OH^soa is neghgible, OHsmt = 0/9 
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OH 290 , and OHsesA = OHses — OHoasx (by assumption) Aa a check upon 
these’ calculated values, compute OH 280 = 1 21 OHjesT + 0 48 OHjbsa, 
comparmg this computed value with the observed total (corrected) absorp- 
tion at 280 mju Since the aim is to determme the partial absorptions at 
N 260 , the foUowmg factors^ are used N 26 ()t = 1 78 OH 265 T and N 26 OA = 1 12 
OH 26 BA The sum of these should very nearly equal the observed (cor- 
rected) N 26 o> but even if it deviates from the latter somewhat, the ratio 
probably defines quite accurately the proportion of the two substances If 
only one substance is present, the value for the other comes out as a very 
small positive or negative one A large negative value mdicates impunties 
not allowed for m the underlymg assumption 

(6) Ademne-Uracil Mixtures — ^The procedure is the same as for the mix- 
ture just discussed, except that the numerical coefficients are different 
Readings are at 290, 280, and 265 mu m aUcah We find OH 266 n = 0 87 
OH 290 , OH 26 SA = OH 26 S — OH 266 n Checked by companson at 280 mjt, 
OH 230 = 1 29 OH 26 SX 1 -f 0 48 OH 28 BA, and calculated back to neutral solu- 
tion, N 2 MU = 1 74 OH265U and as before, N 2 aoA = 1 12 OHaasA 

(c) Uracil-Cyiosine Mixtures — ^Absorption is determined at 245, 260, and 
280 m^ m neutral solution N 2 aoo = 2 38 N 280 — 0 42 N 2 ao, N 2 ai)u bemg 
calculated by difference To check, calculate N 2 « = 0 775 N 2 aoo + 0 655 
N 2 aon More accurate lesults are obtamed m acid solution, observations 
bemg made at 290, 265, and 245 mu Haaac = 1 73 H 290 — 0 019 Haesj 
H 266 TT ~ Haas “ Hjaso Checked by Haia “ 0 235 Haase "b d 735 Haasu > 
and calculated back by N 2600 = 0 725 Haaso and Naaou =111 Haasu 

(d) Guanine-Nucleotide Mixtures — Of the substances remainmg m the 
imtial spot, guamne is the prmcipal one whose absorption is shifted by 
alkali The mciease m absorption at 275 mu occasioned by adding alkah 
IS very roughly 15 per cent of Naaoc 

(e) Other Mixtures — ^Thymme and uracil aie not near together on the 
paper and indeed appear not to be found closely associated in nature, but if 
necessary they may be distmguished at 310 mu m alkaline solution 

Adenosine, adenme riboside, may occur on the paper near uracil It 
may be distmguished from uracil exactly as is adenme itself, and fiom 
adenme by its total lack of absorption shift in alkali aiound 265 to 285 m^i 

Thymidine, thymine desoxyriboside, travels m 7i-butyl alcohol very close 
to thymme The nucleoside absorption is almost unaffected by alkali and 
may be estimated fiom the fact that OH 300 of a mixture is almost entirely 
due to the free thymine 

Guanosme and cytidme have absoiption spectra veiy similar to tnei 

1 In this and other similar calculations, the coefficients include a small empiricaj 
correction in w hich the 2 per cent increase of volume occasioned when 3 cc of neu r 
solution were made alkaline or acid as described is automatically taken into acco 
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parent bases, but ippcai widely separated from them in the paper Undine 
has not j ot been studied 

(f) Restdls — Application of the equations inchcated above to mixtures 
encountered in an actual papei stiip experiment gave the results mdicated 
m Table IV It will be seen that the seveial mixtures could be analyzed m 


Table IV 

Quanltlaltve Inalysts of Dilute Binary Mixtures 


Optical dciuity 

Thymme adealae mixtures 

Uracil adeiune mixtures 

iluturc 

I 

Mixture 

11 

Mixture 

UI 

ilixturc 

I 

Mixture 

n 

Mixture 

in 

Data 

OH«, 

0 006 

0 008 

0 058 

0 053 

0 019 

0 000 


OH.U 

0 195 

0 072 

0 051 

0 067 

0 063 

0 059 

Results 

OH-ma 

0 190 

0 066 

0 005 

0 021 

0 046 

0 059 

• 

OH 

0 005 

0 006 

0 046 





OHiuu 




0 046 

0 017 

0 000 

Check 








Calculated 

OHua 

0 097 

0 039 

0 058 

0 069 

0 044 

0 028 

Observed 


0 099 

0 042 

0 057 

0 072 

0 046 

0 028 

Calculated 

Njsg 

0 222 

0 085 

0 088 

0 104 

0 082 

0 066 

Observed 


0 222 

0 092 

0 086 

0 105 

0 081 

0 063 



Cytosine uiacil mixtures 



Mixture 1 

Mixture 11 

Mixture m 

Data 

Hssa 

0 089 

0 043 

0 005 


Him 

0 163 

0 172 

0 100 

Results 

H*C6C 

0 151 

0 071 

0 007 


H.65C 

0 012 

0 101 

0 093 

Check 








Calculated 

Hju 

0 045 

0 091 

0 070 

Observed 


0 052 

0 085 

0 076 

Calculated 

N2M 

0 122 

0 163 

0 108 

Observed 


0 114 

0 159 

0 108 


The figures represent corrected optical density values, respectively OH, N, 
and H refer to alkaline, neutral, and acid solutions, OH a represents the total ab- 
sorption at 265 m alkaline solution, OH 2 t 5 A partial absorption due to adenine 
at 265 m/i in alkaline solution, etc 

terms of two partial absorption spectra which allow successful prediction of 
the absoiption value at anothei reference wave-length The broken Ime 
curves of Figs 1 and 2 are based upon similar analyses m other cases It 
may be pointed out that the solutions described m Table IV contained 0 6 
to 2 5 7 (average 1 5 t) of total bases per cc 
Quantitative Recovery of Bases — Smee only neghgible quantities of any 
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base are piesent outside the region immediatelj’’ siii rounding its peak 
absorption, the recoveied quantity can be immediately ascei tamed by 
totaling the absorption found in this legion For such puiposes it is best to 
analyze, as just described, all solutions \vhich may conceiaably be mi\tuies 
The sum of total absorptions of the puie solutions and of the paitial absorp 
tions m mixtuies is the absoiption that w ould have been obtained if all the 
recovered base weie piesent m one poition of eluting solvent (in this voik, 
3 5 cc ) This IS the sum of a senes of definite integials, which could also 
be determined, fai less accuiately howevei, fiom the aiea under the coire- 
spondmg peak on the smoothed chromatogram plot 

Table V illustiates the lecoveiy of bases fiom strips carrying smgle 
compounds and also Imown mixtuies The figuies aie given in micrograms 

TvBLt V 


Quunlilalwc Recovery of Purines and Piirimidines • 


Preparation analyzed 


Thymine 

Adenine 

UracU 

Cytosine 

Guanine 




7 

7 

7 

7 

Pure substances 

Theory 


89 

94 

91 



Found 

79 

93 

92 

86 


Muxture I 

Theory 

84 

52 

66 

84 



Found 

81 

50 

65 

79 


Mixture II 

Theory 

72 

71 

75 

72 



Found 

67 

69 

73 

69 



2 mg yeast nucleic acid hydrolyzed 2 hrs at 120“ with hydrochloric acid 


normcltiy of acid 

0 4 

0 

MB 


9 

125 

0 7 

0 



9 

125 

2 4 

0 



18 

140 

6 

0 

BIH 

BB 

52 

125 


of anhydrous bases - Thei e is clear evidence that the recovei y is essentially 
quantitative, eri ors probably bemg caused in large pai t by some uncertainty 
and variability m the corrections due to substances piesent m the papei 

Study of Nucleic Acid Hydrolysis — ^As a practical test of the method, eaual 
samples of yeast nucleic acid weie hydrolyzed at 120° with varying concen- 
trations of bydiochloric acid The hydiolysates were concentrated to 
dryness in vacuo to remove hydrochloiic acid, neutialized, and applied m 
known quantities to the paper After migration ivith butyl alcohol, the 
bases w ere recovered to the extent shown m Table V It ivill be noted that 

3 smee the theoretical, expected values are based upon absorption data, the agree- 
ment between theoretical and actual recoveries is independent of the specific extinc- 
tion coefficients used 
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flee adenine ib Iibcuiled rapidly at acid concentiatioub too low to liberate 
appieci ible quantities of the uiacil oi cytosine Appieciable quantities of 
nucleosides aie found in sutli pai tial hydiolysates At highei acid concen- 
trations the nucleosides aic decieased and uiacil and, finally, cytosine 
appear in ficc foim The ma\imum amount of cytosine indicated in Table 
V may still represent incomplete lecovery Guanine is apparently Iibeiated 
m free foim as rapidly as the adenine, otherwise the nucleoside, which 
travels about 0 4 as fast as cytosine, would have been observed These 
results are in keeping with the knoun gieatei lability of the puiine iibosides 
compared with the pyiimidme ribosides 

DISCUSSION 

The method outlined above appears to provide a means of estimatmg 
Mith some accuiacy the constituent purine and pyiimidme bases, and 
probably the nucleosides, m hydiolysates of nucleic acids The spectro- 
photometiic standards given herewith make it possible to ascertain the 
identity and purity of recoveied bases and the composition of bmaiy mix- 
tures that may be encountered These aims have not been fulfilled to 
anywhere neai the same extent m the paper chiomatogiaphy of ammo 
acids Nevertheless, it should be pomted out that the present method, 
even when used for qualitative purposes, can be somewhat tedious, and the 
careful quantitative investigation of twenty or thirty strip segments for one 
single analysis may require several hours Furthermore, it is not a simple 
matter to hydiolyze quantitatively a nucleic acid preparation without 
encounter mg some decomposition of the bases themselves As already 
mentioned, two anomalous bases have been found m hydi olysates of certam 
desoxyribonucleic acid preparations, and one of them is believed to be a 
degradation product of guanme, or some other artifact It is a fortunate 
circumstance that sugar constituents contribute very little to ultra- 
violet absorption either before or after hydrolysis 

In any case, the quantitative separation on paper strips should provide a 
means of judgmg whether the proportion of mdmdual bases vanes fiom 
one nucleic acid to anothei In addition, if nucleic acids differ in the natui e 
or arrangement of then mternucleotide hnlvages, the rate at which mdi- 
vidual bases are Iibeiated durmg chemical oi enzymatic hydrolysis may 
piove to be characteristic of mdmdual modes of combmation present 
Investigation of residual fractions and fiagments released durmg enzymatic 
hydrolysis (see (9)) should be rendered more convenient by the techniques 
given above 

Smce this manuscript was completed, an abstract by Vischer and 
Chaigaff (10) has appeared, mdicatmg that these workers have noiv ex- 
tended paper chiomatogiaphy to the pjTimidmes uracil and thymme 
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They also now employ solvents not absoibmg ultraviolet light and have 
applied the separation to quantitative analysis of nucleic acids Their pro- 
cedure IS doubtless rathei similar to the one reported heie, although purmes 
and pyrimidmes are apparently detennmed in separate hydrolysates and in 
different solvents These workers mention the conversion of cytosme to 
uracd dmmg acid hydrolysis, which has so fai not been observed in this 
laboratory, but their eypeiience with hydrolysates of different nucleic acids 
appears to be more extensive at the piesent tune 

The author wishes to aclmowledge the patient and conscientious assist- 
ance of Margaret Biophy which greatly aided in the development of this 
method 


SUMSIARY 

1, By paper strip chromatography m a butyl alcohol system, cytosme, 
uracil, adenine, and th 3 nnme may be isolated from muxtuies and from 
hydrolysates of nucleic acids Guanine can also be recovered imdei favor- 
able circumstances 

2 The nucleosides that have been exammed, cytidine, guanosme, 
adenosme, and thymidme, can also be separated from each othei and from 
most of the free bases m the same system 

3 The isolated substances can be identified and their quantity deter- 
mined by ultraviolet spectrophotometry The substances are normally 
recovered m highly purified form if the migration is earned far enough 

4 If hmaiy mixtures are encounteied, then composition may be qiianti 
tatively determmed 

5 Chromatography of partial hydrolysates of nucleic acids reveals the 
rate of liberation of mdividual bases and nucleosides 
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jMAGNESIUM prot oporphyrin as a precursor of 
CPILOROP riYLL IN CIILORELLA* 
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With tiil Technic il Assistance of Miss Ruth Kbtt 
{From the Laboraloncs of The Rockefeller InsMute for Medical Research, New York) 

(Received for publication, April 17, 1948) 

In this paper, ^\e wish to desenbe the separation and identification 
of another intermediate in chlorophyll synthesis from anothei Chlorella 
mutant 

The Chlorella vulgai is mutant 60 was isolated as an orange-coloied colony 
after iiiadiation of normal green Chlorella cells with \-rays Single cells 
from this colony show ed constancy m their propei ties The colom^s which 

developed on the inoiganic salts-glucose agar medium had a dull yellow 
coloi which turned oiange-biown m 4 to 7 days when giown either m the 
hght or dark at loom tempeiatuie At 36° giowrth was good but the 
colonies remained dull yellow^ At 15° gioivth was veiy poor and colomes 
also remamed dull yellow The cells w'eie gioivn in laige flasks and 
harvested after 7 to 8 days To mimmize the chances of dealmg with a 
mixed population due to spontaneous mutation, cultures foi a large batch 
weie always started fiom a typical colony deiived fiom a smgle cell 
Exlrackon of Pigments from Supernatant Suspension of Cells — The cells 
were found to contain a complex muxtuie of pigments, the predominating 
ones being the caiotenoids, with small amounts of piotopoiphynn, mag- 
nesium protoporphyiin, and tiaces of a gieemsh pigment By shaking the 
cells m distilled water, a reddish browm cloudy suspension was obtamed 
which was i datively free of carotenoids and had absorption bands at 640, 
590, 540 to 550, 470 to 480, and 420 to 425 mju, as measured m a Beckman 
spectiophotometer (Fig 1) Pigments from this cloudy suspension were 
leadily isolated by tieatmg the suspension with an equal volume of alcohol, 
saturating with NaCl, and extracting into ethei Preliminary tests showed 
that protopoiphyim was piesent m the ether solution To get rid of the 
protoporphyim the ethei solution was washed wuth watei several times and 
then rapidly extracted with an equal volume of ice-cold 1 n HCI ^ (The 
acid aqueous layei was sho^vn spectrophotometiically to contam proto- 
porphyrin ) The ethei layer was immediately treated with an equal 

* This is the fourth of a series of papers on porphyrins and related compounds 
For the third paper, see Gramck (1) 

* If no foaming occurs, then only a little Mg protoporphyrin will be decomposed 
by shaking the ether layer with cold 1 N HCI 
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volume of ice-cold 1 1 solution of 0 02 n KOH and absolute ilcohol A 
pinlcish fluoiescent pigment enteied the aqueous phase (The lesidue m 
the ethei now consisted of caiotenoids and of a tiace of a gieenish pig- 
ment ) 

The absoiption spectium ot the aciueous alcohol solution was measuied 
and the solution was found to contain tw'o components (Fig 2) The 
majoi component had two piominent bands in the visible w'lth maxima it 
550 and 588 m^t and an intense ultiaviolet maximum at 418 m;i, this com- 



Fig 1 Absorption spectrum of cloudy supernatant from cells, where extinction 
signifies observed densities 

ponent ivas latei identified as magnesium protopoiphyim The other, 
lessei component was found to be protoporphyrin which explained the 
bands at 630, 530, and 505 m^i The bands seen in the cloudy aqueous 
suspension (Fig 1) aie best mterpieted as representing colloidal aggregates 
of piotoporphyun with a small amount of magnesium protopoiphyrm (1) 
Extraction of Pigments from Cells — ^The isolation of the pigment, having 
bands at 550 and 588 mju, was difficult because of the sensitivity of t is 
pigment to acids, its low' concentration, and the rather large f 

contaminating yellow pigments No smiple procedure was found u y 



S QlbVNICK 


335 


tlie genci il pimeipieb of the isolation will be clesciibed ifc was necessaiy to 
contiol c ith step of the isolation by obscivations in the hand spectioscope 
To keep the cells shghtly alkaline in order to avoid splitting out of the 
^fg, ‘^odiiim bicirbonite vas added to some 100 cc of packed cells, and 
these \\ci(‘ e\(r icted unf il ( olorless w ith 80 pei cent alcohol and 80 pei cent 
icctone To remove yellow pigments and tats and tiaces of green pig- 
ments, the ilcoholic solutions weie diluted with an equal c olume of watei, 
made alkaline with Nfl40II, and evtracted with ethei The aqueous 
solution was brought to pPI 5 5 to 6 0 with solid KH2PO4 and shaken with 



Fig 2 Absorption spectrum of alkaline alcoholic solution derived from super- 
natant The three prominent bands are due to magnesium protoporphyrin The 
extinction is 10 times higher on the left side than on the right side The extinction 
signifies the observed densities 

a small volume of 7i-amyl alcohol Overnight 111 the ice box, the pigment 
w'as found to have collected in the amyl alcohol layei The amyl alcohol 
layer was separated and evaporated to dryness under reduced piessuie, 
the pink pigments w ere taken up in ethei and shaken into a 50 pei cent 
alcoholic layer contaimng dilute NH4OH and again diiven into ether by 
acidifying cautiously with acetate buffei and saturating the aqueous 
alcoholic layer with NaCl This transfer betw'een ether and aqueous 
alcohol was repeated twice more The ether solution was then concen- 
trated to 10 cc The ether solution now contained as major components 
the two pigments, protoporphyrin and Mg protoporphyrin By shaking 
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the ether solutioa with 0 05 cc of 3 n NHiOH, and then placing in the 
ice bo\ overnight, the protopoiphyim was found to be precipitated out at 
the interface (Undei these conditions Mg piotoporphyinn precipitated 
out only after 3 to 4 days ) 


xlO^ 



Fig 3 Smooth curve, absorption spectrum of synthetic Mg pi otoporphynn di- 
methyl ester in ether X, absorption spectrum of synthetic Mg protoporph 3 Tm 
in 0 02 N KOH containmg 50 per cent ethanol O, absorption spectrum of pigments 
isolated from Chlorella 60, measured in 0 02 N KOH contaimng 50 per cent ethanol, 
the extinction values were adpisted at 588 mji to the Mg protoporphyrin curve by a 
factor and the remaining points were multiplied by this factor 

An ahquot of this solution, evaporated to dryness, was taken up m ^ 
solution of 0 02 N KOH containmg 50 per cent ethyl alcohol and measured 
spectrophotometrically One pomt on this absorption curve (z e 588 mg) 
was adjusted to the curve for synthetic Mg protopoiphyim by a factor, 
and the remammg pomts uere multiphed by this factor (Fig 3) From 




S GR.VNICK 


337 


Fig 3 It 13 been that the piecloramating pigmeat m this solution corresponds 
to bynthetic Mg protopoiphyrin with respect to the positions of the ab- 
sorption m iMina (IIS, ool, and 589 in;u) and the lelative heights of the 
bands The solution is still contaminated by small amounts of pioto- 
porphyiin, as seen in tlie bands at 505 and 630 m/i, possibly by caiotenoids 
(i c b ind at 165 inii), and bj' a tiace of a gieenish pigment (640 to 670 m/t) 
Since the solution i\as estimated to contain only about 0 5 mg of Mg 
piotopoiph 3 Tiii, fuilhei puiification by chromatogiaphing was not at- 
tempted 

Idcnlificalion of Poiplayin of Melal Complex ^Is Pi otoporphyi m — Since 
only about 0 5 mg of tlie magnesium protoporphjTin was isolated fiom 
Chlorella, and since the isolation in the crystalline state \\ ould have been too 
tedious, it was deemed necessaiy to obtain supporting evidence foi the 
composition of this compound by identification of the kmd of porphyrm 
and the kind of metal Vn aliquot of the ethei solution was exti acted with 
3 N HCl At this acidity the metal was spht off and all of the p ink pigment 
entered the aqueous phase The aqueous solution was neutiahzed and the 
poiph3Tm reextracted mto ethei The ether solution was washed with 
water and then extracted successively with mcreasmg concentrations of 
HCl No porphyrins were extractable from ether with HCl solutions 
below 0 1 N Two fractions ivere isolated by extinction between 0 1 and 0 4 
V HCl and between 0 4 and 1 0 n HCl The absoiption spectia of both 
these fi actions fell, within experimental eiioi, on the curve of pure pioto- 
porphyrm (Fig 4) This result indicates that neithei a monovmyl noi 
any other poiphyim except piotoporphyrin was piesent, and theiefore the 
pigment oiigmally isolated must be a derivative of protopoiphyrm Neither 
esters of magnesium protopoiph 3 mm nor esters of protopoiphyim could be 
found m this preparation or in crude preparations that had been extracted 
from cells m which the use of all<alme fluids was avoided Such esters 
would have been detected in the ethei after extraction with 1 isr HCl 
(When Choi ella 60 was groivn m a medium contammg 1 mg of Cu per liter, 
a small amount of pigment was observed which wms stable m stiong HCl, 
the positions of the band maxima weie those of Cu protoporphyim ) 

Identificahon of Magnesium As Metal in Complex — The quahtative 
identification of magnesium was earned out vith the quinalizarm reagent 
(2) The test is highly specific, only beiylhum ind lanthanum besides 
magnesium being lepoited to foim a blue precipitate m strongly allcalme 
solution Howevei, the test is not particularly sensitive A method was 
devised to remove the porphyim, which interferes with observation of the 
blue precipitate, and at the same time to keep the magnesium as concen- 
tiated as possible 

The test was earned out m the foUoivmg way 5 cc of the ether solution, 
estimated to contam approximately 250 y of magnesium protopor- 
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phynn, ^\ele placed in a 15 cc conical centiifuge tube Then OlOcc 
of 4 b N HCl was added, and air was bubbled through to stir the HCl 
into the ethei layer After seveial minutes the ethei layer became 
completely colorless and all of the piotoporphyrm i\as now collected mto 
the drop of aqueous HCl at the bottom of the tube The HCl was neutral- 
ized by adding 0 12 cc of 4 00 x NaOH plus 0 01 cc of glacial acetic acid to 
the tube An iias agam bubbled through until all of the piotopoiphyrm 
had passed back into the ether layer The tube as then centrifuged The 
clear coloiless aqueous droplet at the bottom of the tube was now removed 



Fig 4 Smooth curve, absorption spectrum of synthetic protoporphyrin IX m 
ether Absorption of porphyrin derived from magnesium protoporphj rin isolated 
from mutant Chlorella, X, porphjrin extracted between 0 1 and 0 4 'f HCl, O, por 
phynn extracted between 0 4 and 1 0 x HCl The extinction is 10 times higher on 
the left side than on the right side 

xvith a capillary pipette and placed on a drop plate, and 2 drops of alcoholic 
quinahzarin (10 mg pei cent) and 2 drops of 2 x NaOH were added 
Blue giamdes appeared wnthm 1 minute At the same time and on the 
same diop plate a series of known concentiations of Mg++ was lun, m- 
cludmg controls of the reagents Fiom the rate at which the blue gianules 
appealed and their volume it was estimated that the quantity of was 
about 10 7 , which was m the predicted lange if the compound was Mg+^ 
piotoporphyrm (At this concentration Ca++ does not give a character- 
istic blue precipitate ) 

Neithei magnesium protoporphyim noi its ester has ever been prepared 
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m the ci jbtnlhnc foini It uat> deemed necessary to prepare the magnesium 
protoporphjTin ind to study its piopeities, in oidei to compare it with the 
pigment derned from (lie Cliorclla mutant The dipotassiiun salt of mag- 
nesium protopoiphyrm w is made by way of the dimethyl ester 

Prcparalion of Matjiic'^ium P)olopot phynn Dimethyl Ester — ^The method 
used heie, of inserting the magnesium into protoporphyrin by means of a 
decomposed Giignard le-igent, is a modification of that used by Fischei 
uid Dun (3) To obtain this compound m its crystalline fonn, it was 
found necessary to use highly purified piotoporph 3 am ester, to avoid tem- 
peratures abo\ e 80°, and to i un the reaction preferably m the absence of O 2 

111 a 500 cc round bottom tuple necked flask was placed 1 0 gm of Mg 
ribbon This was washed by decantation wuth anhydrous ethei Then 
30 cc of anhydrous ether and 15 ec of ethyl bi omide w'ere added The flask 
was connected to a reflux condensci w'lth a drying tube attached, and the 
contents w aimed gentl}’’ Aftei some 20 minutes the reaction was ended 
To distil off the ethei and excess ethyl bromide most easily, the water m 
the refliLX condenser was emptied, and the flask, still attached to the con- 
denser, w’as placed in hot water Toward the end of the evaporation, suc- 
tion w IS applied through the drying tube to aid in the distillation and dry- 
ing 

The flask containing the diy ethyl magnesium bromide was cooled m ice 
"atei, and 75 cc of dry /i-piopyl alcohol (distilled ovei CaO) weie added m 
small portions through the top of the reflux condenser The lesidue dis- 
solved completely The solution Avas then heated and refliLxed foi 10 
minutes to decompose the last tiaces of the Grignaid leagent After cool- 
ing to 50°, 280 mg of tivice ciystalhzed protoporphyrin dimethyl ester weie 
added to the flask, airangement being made to pass diy No slowly into one 
arm of the flask The flask was placed on a water bath and kept at 70-75° 
for 5 to 7 houis or until the piotoporphyim band at 630 m/i had disap- 
peared Higher temper atuies or prolonged heating led to yellow' decom- 
position products 

The matenal m the flask Avas now transferred, wuth the aid of a small 
amount of ethei , to a Claisen distilling flask and the propyl alcohol distilled 
almost to di jmess under diminished pressure in the presence of N2 The dry 
matenal Avas noAv transferred Avith the aid of 750 cc of AA'ater and 750 cc 
of ether to a 2 htei separatoiy funnel The solution AA'as shaken to extract 
most of the Mg protopoiphyiin ester into the ether Then 100 cc of a 
solution containing 10 gm of ammonium acetate and 10 gm of Na2HP04 
Av ere added A flocculent precipitate of MgNH4P04 aa as produced This 
Avas diaAA'n off and the ethei layer AA'ashed several times AVith water A 
small amount of impurity Avent to the interphase and AA'as draAAm off The 
ether solution AA'as dried AAuth anhydrous sodium sulfate and evaporated 
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to diyaess undei dimmished pressure in the presence of N 2 The dark led 
powdery lesidue was dissolved m some 30 cc of wet ether and filteied A 
small brownish lesidue inth a band at 470 to 480 m^i collected on the filtei 
and was discarded 

Even when pure, the Mg protopoi-phyrm estei is difficult to crystallize 
fiom solution, although ci-ystals will be found to foim on a glass slide under 
the micioscope Ciystalhzation was accomphshed m the follmving man- 
ner To the concentrated ethei solution, 3 cc of xylene weie added, and 
the solution furthei evapoiated down to about 7 to 10 cc Then 5 cc of 
low boilmg peti oleum ethei weie added (b p 30-60°) and a crystalhne 
piecipitate lapidly foimed Aftei cooling foi seveial hours the precipitate 
was centiifuged, washed wnth low boilmg petroleum ethei by centrifugmg, 
and then filteied off The yield of this ciystalhne pinkish pow'der was 220 
mg 01 about 75 pei cent of theory 

A portion of the pink powdei w^as w'ashed on the hltei with anhydrous 
ether The filtrate consisted of a colloidal solution, a slight lesidue le- 
mamed on the filtei papei To the filtiate w as added low boiling peti oleum 
ethei, and a piecipitate of plates and higldy twinned ciystals lesulted 
This was centrifuged, washed with low boiling petroleum ethei, and diied 
tn vacuo Analyses of this material showed the following percentage com- 
position 


CjjHjoO<N<Mg Calculated 
Pound 


C 70 5, H 5 89, N 9 15, Mg 3 98 
» 70 36, '■ 6 01, “ 9 04, " 4 00 


An aliquot of this ciystalhne mateiial w'as dissolved in moist ethei and the 
absorption specti-um of the led fluoiescent pigment wms determined 
(smooth cuiwe. Fig 3) The absorption bands aie veiy shaip and high 
The molai extinction pei cm of light path foi a given w’ave-length is given 

by 

rd ““ _ ^ 

A mole per liter - logio j X mole per liter 

E at 419 mju = 308,000, at 340 mp = 20,550, at 551 mp = 18,200, at 589 
mp = 18,200, and at 510 mp = 2450 
A comparison of the position of the visible absoiption spectia of vaiious 
divalent metal mesopoiphyims which have been studied shows that the 
Mg compound has its bands furthest displaced toward the red end of the 
spectmm (4) 

Pi epai alion of Dipolasman Sail of Mg Pi otoporphynn — ^30 mg 01 tne mg 
protoporphyrin ester were tieated m a 50 cc centrifuge tube with 5 cc 0 
30 per cent methyl alcoholic KOH for 15 mmutes at 40° Then 10 to 1 
cc of water were added, resulting m a flocculent precipitate 
tate was centrifuged down and the supernatant hquid discarded 1 
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pictipit lie w Its (livs()l\c(l in o (( of lio' me ili mol and placed in the ice box 
Cry&talb irobc, coii'^i'itiiig of ilioinboid [ihies, olten highly twinned, espe- 
ciallj’^ if ripidly foiined (Fig ">) It en't ilhzation did not occui undei 
these conditions, then ci j st illi/ ilion could he induced by adding small 
portions of i solution in ide up b\ diluting the methyl alcoholic KOH 1 10 
withwitei The pi ites weic di( hioic dai k i ed and pale yellow^ On the 
basis of KiCjiIIaoO^^Ig, calculated, N = 8 4 pei cent, found, 8 2 pei cent 
The absoiption spectium of this compound was measuied m 0 02 n KOH 
containing 50 pei cent ethanol The extinction values m this solution are 
lower than foi the estci in the ctliei solution (Fig 3) 

Biological Aclivilij — Hemophilus mjluenzae Tuinei lequiies heme oi 
protoporphyrin foi giowth and foi the leduction of mtiate to mtiite (4) 



Fig 5 Crystals of the dipotassium salt of magnesium protoporphyrin Left- 
hand, formed rapidly from aqueous methanol, X 400, right-hand, formed slowly 
from methanol, X 100 

It w^as found that Mg piotopoiphyiin w^ould suppoit the giowth of this 
oigamsm at a concentiation one-fifth of that of piotopoiphyiin As wuth 
piotopoiphyiin, the nitiate leducing activity of oiganisms giowm on iMg 
piotopoiphyiin was piopoitional to the giow'th of the oiganisms A 
tentative explanation foi the fact that the giowth-piomotmg effect of 
magnesium piotopoiphyrin is gieatei than that of the piotopoiphjuin 
itself may be found m the fact that the magnesium poiphyiin has a smallei 
tendency to foim colloidal solutions and wall theiefoie be moie readil3'^ 
available to the cell than poiphyim itself Once m the cell, it is piobable 
that the magnesium is split out and then the non inseited (4) 

We desne to expiess oui thanlvs to Di L Michaehs foi his constant 
stimulation and advice 
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SHMMART 

Fiom 100 cc of cells of Choiella mutant 60, about 0 5 mg of a pinkish 
fluorescent pigment was isolated This was identified as Mg piotopoiphy- 
im in seveial ways Its absoiption spectium agieed w'lth the spectium of 
s 3 Tithetic magnesium pi otoporphynn m position and lelative heights of the 
bands The metal w as split out of the complex w ith acid and identified as 
Mg++ by the qumalizaim lake method The poiphyim was identified as 
piotopoiphyim by its HCl numbei and by its absoiption spectrum 

Methods foi the synthesis of magnesium piotopoiphyrm dimethyl ester 
and of the dipotassium salt of magnesium protopoiphyiin aie desciibed 
The isolation of magnesium piotopoiphyim suggests that, aftei the syn- 
thesis of piotopoiphyim, inseitionof magnesium is the next step in the 
biological synthesis of chloiophyll by Chloiella 
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iMETIIODS FOR DETERiMINING THE IRON CONTENT OP MILE 

Bt FR VNCES \ JOHNSTON, NAOMI GELLMAN, and JUNIATA STROM 

(From the College of Home Economics and the School of Nutrition, Cornell 

University, Ithaca) 

(Received for publication, April 23, 1918) 

The non content of milk wus lepoited as 2 0 mg per kilo m the mimeo- 
giaphed “Tables of food composition” published by the National Research 
Council (1) m 1913 In 1945, when the “Tables” were republished m 
bulletin form by the Bureau of Human Nutiition and Home Economics m 
conjunction with the National Reseaich Council (2), the value was dropped 
to 0 7 mg pel kilo This value is still about tvnee as large as that of 0 32 
mg pel lulo lepoited by the semor author (3) m 1944 Thus the present 
study vas imdei taken to check the validity of the method used in the 1944 
investigation In \aew of the fact that mihc is used in large quantities, a 
correct value for its non content is important Incidental to this study, 
a method has been developed which is deemed more satisfactory than the 
one used in the 1944 study 


EXPERIMENTAL 

In the 1944 study the milk was dry-ashed and iron determmed by the 
thiocyanate method 50 ml of millc were imxed with 15 drops of nitric 
acid in a platmum dish, the curdled rmlk was heated at 80° until the water 
had evaporated, the residue was then placed m a muflSe fmnace m which 
the heat was slowly mcreased to 400°, and heatmg contmued until the ash 
vas white The ash was dissolved m redistilled hydrochloric acid and 
filtered through No 44 Whatman filter paper The filter paper containing 
the incompletely ashed material was dried, fused with sodium carbonate, 
and dissolved in redistilled hydrochloric acid The combmed ash solutions 
were put mto an Erlenmeyer flask, 15 drops of concentrated mtric acid were 
added, and the flask was heated on a hot-plate to hydrolyze pyrophosphates 
to orthophosphates Heating was contmued for 30 mmutes or enough 
longer to reduce the volume to approximately 4 ml The solution was 
diluted to 50 ml and a 20 ml aliquot used for the non determmation 
Stugait’s (4) thiocyanate method was employed and the colors were read 
in an Evelyn colorimeter 

The method was checked in the foUowmg ways 

(a) Samples of milk larger and smaller than the 50 ml ongmally used 
were analyzed The iron content of 25, 50, and 75 ml samples was found 
to be 0 46, 0 42, and 0 42 mg per kilo respectively The agreement is 
satisfactory for small amoimts of iron 
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(6) To check foi the possibility of volatihzation of iron duiing dry ash- 
ing at 400°, recoveries could not be used because the salt added for the 
recoveries would not be m the same foim as that in the milk Tv o ways of 
testmg were considered feasible In one the milk was v et-ashed by a modi- 
fication of the method of Roberts, Beaidsley, and Tayloi (5), m which case 
the temperatuie vould be no higher than 340°, the results were compared 
with the same milk diy-ashed by the original method at 400° Accoidmglj , 
milk from three companies was analyzed by both pioceduies By the vet 
ashing procedure the non content was found to be respectively 0 29, 0 31, 
and 0 27 mg pei lalo and by the drj’’ ashing procedure 0 28, 0 28, and 0 28 
mg per kilo This showed that the high temperature used m diy ashmg 


Table I 


Iron Content of MilL As Found by Three Methods 


Distributor ! 

Bottle No ' 

Dr> ashed 
thiocyanate 

Dry ashed 
a ct'niipyndyl 

Pptd 

a a'-dipynd>l 

A 

1 

IMS ptr ks 

0 32 

mg Per kg 

0 33 

ms perks 

0 31 

(( I 

2 

0 34 

0 34 

0 35 

B 

1 

0 32 

0 30 

0 32 

It 1 

2 1 

0 30 

0 33 

0 25 

C 

1 

0 36 

0 35 

0 27 

tt 

2 

0 46 

t 0 47 

0 34 

it 

3 

0 57 

0 59 

0 50 

D 

1 

0 37 

0 42 

0 32 

tt 1 

2 

0 41 

0 42 

0 35 

E 

1 

0 39 

0 40 

0 33 

Average 


0 38 

0 39 

0 33 


does not cause a loss of iron, or at least causes no more loss than occura 
at the lower temperature used m wet ashmg 
The second means of testing for the possibility of volatilization of iron 
dunng dry ashmg was to employ a new method developed by Ruegamer, 
]\Lchaud, and EUehjem (6) in vhich milk is not ashed at all and, therefore, 
not subjected to a high temperatuie The protein is precipitated vath 
trichloroacetic acid and the a,a'-dipyridyl test applied to the filtrate 
When the iron content of ten bottles of milk vas determined by oui dry 
ashing method and by the non-ashing method, the values for three of the 
bottles (see Table I) agreed vithin ±0 01 mg , but the values for seven o 
the bottles foimd by the non-ashmg method were actually 0 05 to 0 12 mg 
pel kilo lovei than those foimd by our method This does not indicate 
any loss of iron during ashmg by oui method i;\Tien the thiocyana e 
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color tcijt .uid the a , a'-clipyndyl color tcbts were applied to the ashes ob- 
tained by oui method of dry ashing, the difleience in the mean values was 
only 0 01 mg pci kilo (Table I) The difference m the values found by oui 
dry ashing method and the uon-ashmg method was, therefore, attributed to 
the processes used for the removal of organic material rather than to the 
color tests 

(c) The possibility that iron might be lost during hydiolysis was considered 
also Since the millc ash uas dissolved in hydrochloric acid, some of the 
iron present in the resulting solution may have been m the foian of ferric 
chloride, although much of the non rvas present as phosphate It is this 
ferric chloride that might be carried off duimg the hydrolysis of thep 3 Tophos- 
phate to orthophosphate To test tlus possibihty a Icnown amount of 
ferric chloride was added before hydrolysis Recoveries of 91 1 and 104 3 
per cent indicated little or no loss during hydrolysis 

Improved Method of Ashing 

In the course of checking oui 1944 method by a comparison of values 
found by wet ashing and dry ashmg, a method for wet ashing was developed 
Mhich was deemed moie satisfactory than the origmal dry ashmg oi any 
other dry ashmg method because it obviated much of the danger of con- 
tamination This is an important pomt, as it is possible to get fauly even 
contamination, so that duplicates check even when first starting dry ashing 
procedures Thus values higher than the true ones may be found from the 
first twm or three analyses, this is not apt to happen with wet ashmg Wet 
ashmg methods have been considered unsuitable for use ivith milk by some 
mvestigators We believe, however, that the method we have used is 
suitable We avoided the use of perchloric acid because m our experience 
wet ashmg procedures involving its use yield values which are too low 

The method w^e used is a modification of the method of Roberts, Beards- 
ley, and Taylor (5) It is as follows Deliver 15 ml of mdk from a pipette, 
calibrated to deliver a lcno^vn weight of milk, mto a 300 ml Kjeldahl flask 
containing Pyrex glass beads Add 1 ml of concentrated sulfuric acid and 
5 ml of concentrated mtric acid (0 0000 per cent won) Heat the miUc mth 
the acids until it chars Malre three more additions of 5 ml of nitric acid 
and then 0 5 ml additions until the contents of the flask are clear and com- 
pletely colorless Cool slightly, add 1 0 ml of superoxol dropwuse, and heat 
until the heavy fumes disappear It is important tliat all the superoxol is 
dispelled Cool slightly, add 5 to 6 ml of glass-distilled water, and let 
stand overnight 

Add about 5 ml more water and filter through Whatman No 44 filter 
paper m Pyrex funnels mto 60 ml pear-shaped Pyrex separatory funnels 
Wash four times, keepmg ivithm a total volume of approximately 20 ml 



346 


IBOK CONTENT OP MILK 


Add 1 drop of 0 04 potassium permanganate and max, add more if the color 
fades Add 15 ml of isoamyl alcohol and 5 ml of 20 pei cent potassium 
thiocyanate Shake, pour off the alcohol layer, and read its depth of color 
m an Evelyn photoelectric colorimeter against pure isoamyl alcohol set at 
100 per cent transmission with Filter 490 

The ash solution is very acid, due to the 1 ml of sulfunc acid present, 
but the milk ash reduces the acidity somewhat and may have some buffer- 
mg effect At any rate, the acidity does not cause turbidity in the alcohol 
If the separatory fuimel is gently swirled so that the contents wash the top 
after the water layer has separated, and if a httle of the alcohol layer is 
discarded and the rest poured over the same place in the neck of the separa- 
tory funnel mto the colorimeter tube, turbidity seldom develops If it 
does, the alcohol layei can be pouied through a tmy bit of hydrochloric acid- 
washed cotton in a small Pyrex funnel The dry cotton removes the water 
which causes the tmbidity 

The standard curve is constructed from readmgs obtamed on a series of 
solutions, each of which contams an ashmg blank and a Icnown amount of 
feme salt For the ashmg blank, 1 ml of sulfuric acid, 21 ml of nitric 
acid, and 1 ml of superoxol are heated as foi the unknoivns The resultmg 
solution is so acid that it causes tmbidity m the color test The acidity, 
therefore, must be reduced ivith concentiated ammonium hydroxide A 
high grade of ammonium hydroxide contams so httle iron as to be negh- 
gible m the amount used The amount of ammomum hydi oxide to be added 
must be determmed each day Add the amount which is needed to neu- 
tralize 0 5 ml of the sulfunc acid when titrated with phenolphthalein as tlie 
mdicator Add that amount to the contents of the Kjeldahl flask, cool, 
transfer to a separatory funnel, add the standard with care to keep the 
total volume at approximately 20 ml , and proceed with the color test as 
for the milk ash If nme ashmg blanks aie prepared, triplicates can be 
determmed for 3 0, 5 0, and 7 0 7 of iron 

The precipitate caught on the filter paper can be tested to show that it 
contams no iron by dissolvmg it m redistilled 7 N hydrochloric acid, dilutmg 
to an acidity of 1 to 2 n, and color-testmg it with only about 2 ml of isO' 
amyhc alcohol 


DISCUSSION 


None of the ways of checkmg the method used m our 1944 study (3) for 
analyzing rmlk for iron gave any mdication that the values found by tna 
method were too low The possibihty that all the pyrophosphate is no 
hydiolyzed to oithophosphate by boiimg with hydrochloric and nitric aci ^ 
was mvestigated by Stugart (4), who added pyrophosphate befoie hy^o y^- 
813 and obtamed complete recovenes Other investigators have foun 
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^alues similar to our value of 0 32 mg pei kilo Kiauss and Washburn 
(7) found 0 34 to 0 43 mg pei litci, Robci ts ct al (5) 0 42 mg per kilo, and 
Dahlberg and Carpentei (S) 0 29 to 0 4G mg pei kilo 

su\uf vm 

1 All employed methods of checking failed to indicate that the pie- 
\ louslj' lepoi ted (3) ^ alue foi non m milk of 0 32 mg pei kilo was too low, 
despite the fact that the value of 0 7 mg pei lalo subsequently was used 
b> others (1) m impoitant tables 

2 V modification of the method of Robeits, Beaidsley, and Tayloi (5) 
has been described It employs vet ashmg, which lessens the dangei of 
contamination and appears to be the most satisfactory method for the 
determination of iron in milk 
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Eleclrophorettc Studies on Calf Set um 

By fiactionation of hypeiimmune bovine plasma, two diffeient proteins 
associated vntli immune activity haim been isolated a y-globubn wth an 
electrophoietic mobility of 1 3 X 10“^ sq cm per volt per second, and a 
T component vuth a mobility of 2 5 X 10~® as measured in 0 1 m veronal 
(diethyl baibiturate) buffei at pH 8 6 (6) Hess and Deutsch (12) have 
obtained similai piotems fiom normal bovine seium The immune lacto- 
globuhn of colostrum has an electiophoietic mobihty similai to that of the 
T component (6) Since both the col ostium and T-globulms have ino- 
bihties neai that of fibimogen, our observations weie made with serum 
lathei than with plasma The electiophoietic analyses weie peifoimed at 
1° m a Tisehus appaiatus equipped wnth the Longsworth schheien scanrung 
device The calf was sepaiated fiom the mothei immediately after birth 
md w'as fed 2750 cc of the hist colostium duimg the next 40 hours, there- 
after, the calf Avas fed on a mixed aitificial diet 

Fig 1 shows the electrophoietic patterns of the sera of the calf at bath 
and at latei intervals Foi compaiison, the serum of the mother taken 3 
days before term is also shown It is apparent from Fig 1 that the serum 
of the new -born calf does not contam y-globuhn and that T-globuhn is 
also absent Moreover, none of the antibodies present m the seiuin of the 
mothei could be demonstrated m the serum m the new-born (Table HI) 
This IS m agreement with previous obseivations that there is no placental 
transfer of antibodies m this species (13, 14) After ingestion of colostrum, 
a new' component appears m calf seinm which has an electiophoretic 
mobihty of 2 1 X 10“® sq cm pei volt per second m veional buffei of pH 
8 4 Thus, this component retams the chaiacteiistic mobihty of the im- 
mune lactoglobuhn after passage fiom the digestive tract to the blood 
stieam of the calf and is not a 7-globuhn Exammation of the data of 
Jameson, Alvarez-Tostado, and Sortoi (3) and of San Clemente and 
Huddleson (4) shoA\s that in these cases also the new globulin m calf serum 
possesses the mobihty of the colostium globuhn 

Tables I and II present the analytical data foi the calf sera at different 
ages These data mdicate that seveial strikmg changes occui dming the 
growth of the young calf The most obvious is the large amount of im- 
mune protein Avhich appears after the feeding of colostrum and its giadua 
dimmution Also noteivoithy is the absence of y-globulm at birth and its 
gradual appearance only many iveeks latei The component, whic 
decreases in concentration, is piobably the fetiun described by Pedemen 
(15) as the mam constituent of fetal a-globuhn In Table II are the 
for the absolute concentration of each serum component These da a 
show clearly that after mgestion of colostrum there is no unmediate 
in the absolute amounts of the albumin 01 the a-globuhns, but there see 
to be an increase m the ft component The aj-globuhn appears late, a , 
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although it IS fust cleailj’’ sopai.ible it 122 days, it is apparently included 
w ith the a: at 87 days 

Both the a:-globuhn and the albumin show a strilung deciease m electio- 
phoretic mobility aftei the ingestion of colostium This change may be 
due to the influence of the laige amount of colostium globulm on the vis- 
cosity and the electiio piopeities of the diluted seium, rathei than to a sud- 
den change in the chaiactei of the aj-globulm or the albumin 



I’lG 1 Electrophoretic patterns of the descending boundaries of the serum of a 
new-born calf and of the same animal 2, 50, 87, and 122 dajs later For comparison, 
the maternal serum obtained 3 daj s before term is also shown The runs were per- 
formed at 1° in a veronal buffer of pH S 4 to 8 6 and at an ionic strength of 0 1 The 
serum of the nen -born is practically devoid of slow moving globulins The immune 
component appears after feeding colostrum The absolute heights of the different 
serum samples cannot be compared, as electrophoresis was performed at different 
protein concentrations 

In addition to the data aheady piesented, obseivations iieie made on the 
sera of two othei new-boin calves The electiophoretic patterns obtained 
on the sera before and after feedmg vere similai to those described above 

Immune Properties of Calf Sei um 

In Table III aie given the data for the immune activity of the whole 
colostrum whey and of the calf serum at different ages Assays of diph- 
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thena antitoMn i\ere performed by the rabbit slan test as described by 
Jensen (16) The values for pertussis antibodies weie measured m mouse- 


Tvdle I 

Electrophoretic Analyses of Calf Serum 

The electrophoretic analyses were performed at 1° in veronal buffer of pH 8 4 to 
8 6 and at an ionic strength of 0 1 The mobilities are X 10“‘ sq cm per volt per 
second and are negative in sign The values were obtained from photographs of 
the descending patterns taken at 150 to 250 minutes The serum protein was cal 
culated from protein N X 6 25 
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Table II 


Compostlton of Calf Serum at Different Ages 

The values are calculated from the percentage for each component of the total 
refractive increment and the total protein content of the serum The concentra 
tions are in gm per 100 cc of serum 
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protective umts by a mochfication of Silverthome’s method (17), and the 
vaccima assays were made by a rabbit skm test - ^ 

These data show that the calf may acquire a high level of immunity iro 
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the colobtrinn, ub alrc idy demonstiated \\ith othei antibodieb Since the 
calf wab fed colobtrum for only a short time, it is possible to calculate the 
approxunate duration of the passively acquiied immun ity For the per- 
tussis ind vaccinia antibodies, the time for the activities to deciease to 
one-half their initial values is about 50 days The more precise determina- 
tions of the diphtheria antitoxm show a half life of about 16 days, and the 
data m Table II from the Tisehus analyses indicate 20 days Since the 
animal was grow’ing rapidly, dilution of the antibodies must have occurred, 
and the true half times must be even greater than the calculated values 
AVliile theie is some laiiation for the different antibodies, there is no 
doubt that the passive immumty is effective for a considerable length of 
tune It may be remaiked that humans who are negative to the Schick 
test are regarded as mimune to diphtheiia when this test reflects a senim 


T\bli; III 

Immune Properties of Colostrum and of Calf Sera at Different Ages 


Age 

Diphtheria antitoxin 

Hemophilus pertussis 
antibody 

Vaccinia vims 
antibody* 

dayt 

units per ec 

units per cc 


0 

<0 001 

0 

0 

2 

40 

70 

6400 

50 

5 0 

40 

3200 

87 

1 0 

20 

1600 

122 

0 6 

16 

800 

Colostrum 

SO 

190 

6400 


*The vaccinia virus was measured in neutralizing skin test doses per co 


level of about 0 03 antitoxic unit per cc For the calf described here, the 
level of circulating diphtheria antitoxin was higher than this 4 months after 
the feeding of colostrum This clearly mdicates the important role that 
this passive immunity may play in the life of the new-born Obviously, 
the persistence of immunity depends greatly on the mitial titer of the colos- 
trum and the amount fed If the calf in this expeiiment had been permit- 
ted to suckle without lestiiction, ciiculating antibody concentrations might 
have been greater and persisted much longer How^evei, Hansen and 
Phillips (18) have recently observed that colostium globulm is absorbed 
into the sei-um of the new-born calf only during the first 24 hours of life 
It may be estimated from the data on Lamb 1 of Mason, Dalhng, and 
Gordon (13) that the approximate half life of immumty for lamb dysentery 
antitoxm acquired from colostium is 12 to 15 days, this is similar to our 
data on the calf for diphtheria antitoxm The duration of the passive im- 
munity acquired by the feeding of colostrum m ruminants shows consider- 
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able variation fiom that of other types of passive immiinity in different 
species The data of Heidelberger el al (19) on homologous type I pneu 
mococcus antibody injected into a labbit show that appioximately one-half 
of the activity disappeaied in about 36 houis, \shile the half life of an ac 
tively pioduced antibody molecule is as about 2 weeks 
The diffeience in the duiation of the passive immunity may be due nioie 
to a species diffeience than to the loutc of immunization Two examples 
from the oldei hteiatuie may be cited The data of Smith (20) on the 



Fig 2 Electrophoretic patterns of the descending boundaries of the sera obtained 
from a new-born lamb, a 3 day old lamb, and of the mother The runs were per 
formed at 1° in a veronal buffer of pH 8 6 and at an ionic strength of 0 1 The serum 
of the new-born does not contain any slow moving globulin This component appears 
only after the ingestion of colostrum 


persistence of antitetanolysm mjected into a labbit mtiapeiitoneally or 
mtiavenously show a half life of about 1 day, in a goat of about 4 days, an 
foi diphtheiia antitoxm m man of about 3 oi 4 days On the othei ban , 
the data of Bulloch (21) on the duiation oi passively acquned diphtheria 
antitoxin m the donkey show a half life of about 20 days 


Electi ophot ests of Lamb and Sheep Sci a 

In Fig 2 aie shmvn the electiophoietic patterns obtamed with the sera 
of a new-born lamb, of a 3 day-old lamb, and of the mother It is qu* ® 
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appiioiit lint tlic M'liim of the new-boin hmb lesembles that of the calf, 
and IS devoid of slow moving globulins winch appeal only after sucklmg 
has occuiicd Eaile (22) has ahead}’’ shown by Howe’s salt fractionation 
method that the efiect of colostium ingestion on the seium pioteins of young 
foals, Ivids, 1 imbs, ind pigs is similai to that found by Howe in calves 
In Tible R ue piesenlcd the data foi the composition and mobility of 
the seia show n m Fig 2 These d it i wcie deiived fiom photographs taken 
at 167 and 250 minutes The mobility of sheep 7-globuhn is qmte high, 
and m this respect lesembles the T-globuhn usually present in the hyper- 
immune sera of the cow and the horse Smee the colostrum globuhn mi- 
grates only slightly fastei than the 7-globulm of the maternal seioim, it 

Table IV 

Elecirophorelic Analyses of Lamb and Sheep Sera 


These analyses were made at 1° in veronal buffer of pH 8 5 to 8 6 and at an lomo 
strength of 0 1 The mobilities are X 10~‘ sq cm per volt per second and are nega- 
tive in sign 
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would be difficult m this species to distinguish betw’een the passively ac- 
quired globuhn and the adult 7-globulm In addition to the colostrum 
globuhn w’hich appears in the seium of the 3 day-old lamb, the ^-globulms 
show a marked increase, and the relative amounts of the a-globiihns change 
consideiably 

In contrast to the absence of 7-globuhn from the sera of the new-boin 
calf and lamb, Longswoith, Cuitis, and Pembroke (23) have recently found 
that in the human 7-globulm is slightly highei in the serum of the new-born 
than m the mother Since it is well knowm that m the human there is 
placental transmission of antibodies, theie is good conelation between the 
presence of 7-globuhn and unmumty m the new -born 

Electrophoretic examination of fetal or new-born sera of different species 
taken prior and subsequent to mgestion of colostrum may pronde a simple 
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test for ascertaining whether antibodies are transfeired through the placenta 
or the colostrum, or by both of these routes 

The authors gratefully acknowledge the technical assistance of Douglas 
M Brown 


SUMMARY 

1 The seium of the new-bom calf does not possess any slow moving 
globulin (7 or T components) Aftei ingestion of colostrum, an electro- 
phoretic component appeals in calf serum, which is identical m mobility 
with the lactoglobulm which has pieviously been demonstrated to carry 
immunity m bovine colostnim Similar observations have also been made 
on new-born lamb serum 

2 Durmg growth of the young calf, changes also take place m other 
serum components as obseived by electrophoretic analysis The 7-globu- 
hn appears some tune after birth and gradually increases in concentration 
The mobility and concentration of the serum albumm and a-globuhn also 
show stiikmg alterations 

3 Antibodies to thiee different antigens, two of them foreign to the 
species, were absorbed by the calf fiom colostrum The concentration m 
the serum of these antibodies gradually decreased, and the time for the 
activity of these antibodies to diop to half their initial values was estimated 
as follows foi the diphtheria antitoxin about 16 days, for Hemophilus per- 
tussis and vaccinia antibodies about 50 days, and for the immune compo 
nent estimated by electrophoretic analysis about 20 days 
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STUDIES ON THE INHIBITORY NATURE OF 
1-^iMINOPTEROYLGLUTAAIIC ACID 

By J J OLESON, B L HUTCHINGS, and Y SUBBAROW 

{From the Lcderlo Laboratories Division, American Cyanamid Company, Pearl River, 

New York) 


(llccoivcd for publication, April 14, 1948) 


The compound, N-[4- { [(2 , 4-diamuio-6-pteridyl)methyl]-ammo } benzoyl]- 
glutamic acid, heieiii designated as 4-ammopteioyIglutamic acid, has been 
found to be a potent antagonist of pteioylglutamic acid Data on the 
inhibition of the giowth of lats, chickens, and Siieplococcus faecahs R by 
this compound are lepoited 

The structuie of the compound is shown by the accompanymg foiinula 


N 


COOH 


!— CHaNH— ^ ^ >— CONH— CH 


NHj 


CH, 


CHj 

I 

COOH 


EXPERIMENTAL 

Synthesis — The compound was prepared by the method of Seeger et al 
(1) by condensing 2,4,5,6-tetraammopyruiudme sulfate, 2,3-dibromo- 
propionaldehyde, and p-anunobenzoylglutamic acid, and kmdly supplied 
to us by Di James M Smith, Jr , of the Calco Chemical Division, American 
Cyanamid Company 

Inhibition of Bacterial Giowth — Streptococcus faecahs R was gimvn on the 
medium of Teply and Elvehjem (2) for 18 houis m the presence of different 
levels of metabohte Varying concentrations of inhibitor weie added ^vith 
each level of metabohte An inhibition cuiwe was then plotted, from 
wbch the point of half maximum inhibition was obtamed The inhibition 
mde\ was calculated for each level of metabolite and is defined as the latio 
of inhibitor to metabolite which will produce half maximum inhibition (3) 

Rat and Chick Experiments — Weanlmg rats weie fed the basal chet of 
Spicer et al (4) and watei ad libitum The chicks were fed the basal diet of 
Hutchmgs et al (5) Fieshly prepared solutions of the metabohte and 
mhibitor m dilute sodium bicarbonate solution were fed orally or mLxed in 
the basal diets 
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Results 

Inhilnhon of Bacterial Growth — ^The data ou the inhibition of Sti eptococcus 
faecahs R and its reversal by fom diffeient metabolites aie summarized in 
Table I Each metabolite is capable of completely reversing the inhibition 
produced by 4-aminopteioylglutamic acid, but the mhibition mdex is not 
constant foi diffeient levels of the same metabolite The fact that m- 
creasmg amounts of the metabolite can reveise the effect of the inhibitors 
would seemmgly eliminate the possibility of the antagonist affecting some 
enzyme not directly concerned m the metabolism of pteioylglutamic acid 


Tabu, I 


Inhibition of Streptococcus faecahs R with i-Aminopleroylglutamic Acid 


Metabolite j 

Concentration of 
metabolite 

Inhibition index* 





Pteroic acid 

1 


0 99 

tt 



0 32 

H It 



0 09 

Pteroylglutamic acid 



2 66 

tt tt 



0 19 

(( it 


0 3 

0 07 

Pteroyl- 7 -glutamylglutamic acid 


0 005 

4 30 

tt ft 


0 05 

0 33 

tt tt 


0 5 

0 10 

PteroyI- 7 -glutamyl- 7 -glutamylglutamic acid I 

0 07 * 

0 49 

tt 

tt 

0 7 

0 08 

tt 

tt 

7 0 

0 007 

1 


* Ratio of the amount of inhibitor to metabolite that will produce half maMmum 
inhibition 


. The explanation of the non-constancy of the inhibition mdex may be that 
a complex is formed between the enzyme and the mhibitor that is not 
readily dissociable The inhibition with 4-ammopteroylglutamic acid is 
not of a strictly competitive nature 
4-Aminopteroylglutamic acid is most effective as an inhibitor of the 
growth-promoting effect of pteroyl-y-glutamyl-v-glutamylglutamic acid 
and pteroic acid This is similar to the action of pteroylaspartic acid (3) 
In contrast to this, the piesent inhibitor is moie effective against pteroyl- 
glutarmc acid than against pteroyl-y-glutamylglutamic acid 

Chick Expemnents — ^The data from three expenments are shown m 
Table II In the first experiment mcreasmg amounts of the inhibitor were 
added to the basal diet contammg 0 5 mg of pteroylglutamic acid per kuo 
The mhibition became apparent at the 1 0 mg level of the antagonist an 
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Tvbld II 

Effect of 4-Aminopleroylglulamic Acid on Chicks 


o 

A 


1 Average weight* 

a 

Supplement per lUo basal diet 




O 

O 

Initial day 

8 days 

15 days 



gm 

gm 

gm 

1 

None 

37 (7) 

61 (6) 

74 (4) 

2 

0 5 nig pteroylglutaiiiic acid 

37 (7) 

71 (7) 

142 (7) 

3 

As 2 + 0 2o nig 4 anunoptcroilglutaiiiic acid 

37 (7) 

70 (7) 

148 (7) 

4 

“2 + 05“ 

37 (7) 

65 (7) 

137 (7) 

5 

“2 + 10“ 

37 (7) 

66 (6) 

150 (3) 

6 

“2+25“ “ “ 

37 (7) 

69 (2) 

108 (2) 

7 

“2+50“ “ “ 

37 (7) 





7 days 

10 days 

8 

0 5 mg pteroylglutamic acid 

43 (7) 

87 (7) 

109 (7) 

9 

5 mg 4-aniinopterojlglutamic acid + 05 mg 

43 (7) 



10 

pterojlglutamic acid 

5 mg 4-aminopteroylglutamic acid + 10 mg 

43 (7) 



11 

pteroylglutamic acid 

5 mg 4-aininopteroyIglutamic acid + 25 mg 

43 (7) 



12 

pteroylglutamic acid 

5 mg 4-aminopteroylglutamic acid + 50 mg 

43 (7) 

57 (2) 

63 (2) 

13 

pteroylglutamic acid 

5 mg 4 aminoptcroylglutamic acid + 10 0 mg 

43 (7) 

78 (1) 

97 (1) 

14 

pteroylglutamic acid 

5 mg 4-aminopteroylglutamic acid + 25 0 mg 

43 (7) 

77 (2) 

86 (2) 


pteroylglutamic acid 







7 days 

21 days 

15 

1 0 mg pteroylglutamic acid 

36 (7) 

76 (7) 

188 (7) 

16 

4 0 mg 4-aminopteroylglutamic acid 

36 (7) 



17 

4 0 “ 4 “ “ + 4 mg 

36 (7) 

64 (4) 

160 (3) 

18 

pteroylglutamic acid 

4 0 mg 4-aminopteroylglutamic acid + 12 mg 

36 (7) 

84 (5) 

245 (4) 

19 

pteroylglutanuc acid 

4 0 mg 4 aminoptcroylglutamic acid + 24 mg 

36 (7) 

76 (6) 

212 (6) 

20 

pteroylglutamic acid 

4 0 mg 4 aminoptcroylglutamic acid + 48 mg 

36 (7) 

76 (5) 

194 (5) 

21 

pteroylglutamic acid 

4 0 mg 4 aminopteroylglutamic acid + 96 mg 

36 (7) 

77 (7) 

188 (7) 


pteroylglutamic acid 


1 



* The figures m parentheses indicate the number alive 


all the clucks died when 5 0 mg were added The deaths occurred mostly 
in the first 3 days, indicatmg a very rapid interference ivith the normal 
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metabolism of the animals, as compaiecl to simple dietaiy depletion of 
pteroylglutamic acid 

In the second expenment a completely mhibitory level of the antagonist 
was fed and the concentration of the metabolite was mcreased It is seen 
that 25 mg of pteroylglutamic acid give veiy little reversal of the mhibition 
caused by 5 mg of the 4-ammo derivative 
In the third experiment a slightly lower level of inhibitor and much higher 
levels of pteroylglutamic acid were fed Complete protection agamst the 

Table III 

Inhibition of Rata by i-Aminopteroylglulamic Acid 


1 None 

2 1 7 4-ammopteroylglutamic aeid 

3 3“ “ " 

4 5“ “ “ 

5 10 7 “ 

6 20 “ “ “ 

7 50 “ “ “ 

8 100 7 

9 20 7 

20 7 pteroylglutamic acid 
'0 20 7 4 ammopteroylglutamic acid 

4- 100 7 pteroylglutamic acid 
LI 20 7 4-aminopteroylglutamic acid 
-f 200 7 pteroylglutamic acid 
L2 20 7 4-arainopteroylglutamic acid 
-1- 0 2 cc liverf 

13 20 7 4-amiuopteroylglutaraic acid 

-f 0 2 cc liver -1- 200 y pteroyl- 
glutamic acid 

* The figures m parentheses indicate the number alive 
t Lederlc 15 unit liver, injected intiamuscularly 

eftects of 4 mg pei lalo of diet of the 4-ammo compound was obtamed wth 

96 mg of pteroylglutamic acid In the mtei mediate groups, a paitial sur- 
vival ivith little gi owth inhibition was obtained "When no ptei oylglutanuc 
acid was fed, all the chicks died m 3 to 4 days 
It seems that those chicks which survive the effects of a given level of t e 
inhibitor m the presence of pteroylglutamic acid show little growth inhibi- 
tion, and that the per cent survival varies with the level of the inhibi oi 

^^Rai Earpenments — ^The mhibitor was fed to rats m graded doses, both 


Supplement fed orally each day 
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oially and mixed with the basal dii't Reversal of the mlubition was 
attempted by giving laigo amounts of pteioylglutamic acid The data are 
summarized in Tables III and IV 


Table IV 


Inhibilion of Rats by i-Aminopteroylglulainic Acid 


u 

Supplement to basal diet 

14 


15 

0 25 uig 4 aniinopteroylglutamic 
acid 

10 

0 5 mg 4 aminopteroylglutamic 
acid 

17 

1 0 mg 4 aminopteroylglutamic 
acid 

18 

2 0 mg 1 aminopteroylglutamic 
acid 

19 

5 0 mg 4-ammopteroylglutamtc 
acid 

20 

1 Omg 4 aminopteroylglutamic + 

1 rng pteroylglutamic acid 

21 

1 0 mg 4 aminopteroylglutamic 
acid + 5 mg pteroylglutamic 
acid 

22 

1 0 mg 4-aminopteroylglutamic 
acid + 10 mg pteroylglutamic 
acid 

23 

1 0 mg 4-aminopteroylglutamic 
acid + 15 mg pteroylglutamic 
acid 

24 

1 0 mg 4-anunopteroylglutamic 
acid + 20 mg pteroylglutamic 
acid 

25 

1 0 mg 4-aininopteroylglutamic 
acid + 25 mg pteroylglutamic 
acid 

26 

1 0 mg 4 aminopteroylglutamic 
acid + 30 mg pteroylglutamic 
acid 

27 

1 0 mg 4 aminopteroylglutamic 
acid + 40 mg pteroylglutamic 
acid 


Average weight* 


Initial dai 

f 3 days 

7 days 

14 days 

21 days 

cm 

44 (4) 
41 (5) 

gm 

52 (4) 
42 (5) 

cm 

66 (4) 
51 (5) 

gm 

94 (4) 
74 (5) 


42 (9) 

46 (9) 

54 (9) 

68 (7) 

80 (5) 


39 (9) 

61 (1) 



43 (7) 

35 (6) 




41 (3) 

33 (3) 




44 (4) 

37 (4) 




44 (4) 

39 (4) 

40 (1) 



44 (4) 

44 (4) 

38 (3) 



42 (2) 

46 (2) 




41 (6) 

45 (6) 

45 (1) 

57 (4) 

76 (4) 

44 (4) 

41 (4) 

60 (4) 

75 (4) 

95 (3) 

40 (4) 

47 (4) 

53 (4) 

69 (4) 

89 (4) 

40 (4) 

48 (4) 

1 

51 (4) 

65 (4) 

84 (4) 


* The figures m parentheses indicate the number alive 


It can be seen that the compound is extiemely toxic for the rat, smce as 
httle as 10 7 orally per day or 1 mg per lalo of diet kdls the animals m 
about 3 days 
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The symptoms produced m the rat by feeding this inhi bitor consist of a 
severe diarrhea, resultmg in extreme dehydration, weight loss, porphyrin 
stamed whiskers, and hemoconcentration Prior to death there are signs 
of nervous mvolvement and anoxia Prehmmaiy histological observations 
show extensive tissue changes and a very hypoplastic bone marrow 
As in the case of the chick, very high levels of pteroylglutamic acid are 
required to obtam even a partial reversal on the rats Since the amount 
of inhibitor required to produce a severe inhibition is so near the amount 
which lolls the animal, an exact neutralization ratio is difficult to deter- 
mine As in the case of the chicken, it appears to be an mhibition which 
IS reversed with considerable difficulty 
The question of whether the lapid death of the chicks and rats after ad- 
ministration of the inhibitor is due to a pteroylglutamic acid deficiency per 
se or to othei pharmacological pioperties of the compound is not clearly 
answered by the above data The fact that large amounts of pteroyl- 
glutamic acid can prevent the onset of the symptoms u ould seem to favor 
the former possibility 


DISCUSSION 

These results make it evident that 4-ammopteroylglutamic acid is a 
powerful antagonist for pteroylglutamic acid and related metabolites 
With Streptococcus faecahs R, the inhibition index was different for the 
different metabolites Since a constant index foi any given metabolite ivas 
not obtained, this inhibition is not a classical example of competitive inhi- 
bitions A slightly different mhibition pattern for Streptococcus faecahs R 
was obtained ivith this inhibitor as compared to results obtained previously 
with pteroylaspartic acid (3) 

For rats and chickens the inhibition w ould appear to be competitive, but 
only m the general sense that very high doses of metabolite aie required to 
remove the toxic manifestations of the inhibitor The quantity of mhibi 
tor needed to produce effective inhibitions of the animals is so nearly that 
which rapidly kills the animals that the workmg range is very narrow 
Blood studies indicate that a severe anemia can be produced by feedmg 
this compound and that the anemia can be prevented or cured by the 
admmistration of pteroylglutamic acid * 

It would seem necessary to handle this compound rvith the same pre* 
cautions used for other toxic substances 

SUMMARY 

AAmmopteroylglutamic acid was found to be an antagonist for pteroyl- 
glutamic acid for Streptococcus faecahs R, rats, and chickens 

The mhibition is reversible but is not of a stnctly competitive nature 

1 Unpublished data 
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4-aiunopteroylglittamic acid 


The symptoms pioduced m the rat by feeding this inhibitor consist of a 
severe diarihea, lesultmg m extreme dehydiation, weight loss, poiphynn 
stamed whiskers, and hemoconcentration Piior to death there are signs 
of nervous mvolvement and anoxia Prelimmaiy histological observations 
show extensive tissue changes and a veiy hypoplastic bone marrow 
As in the case of the chick, veiy high levels of pteioylglutamic acid are 
required to obtain even a partial reveisal on the lats Since the amount 
of inhibitor required to produce a severe inhibition is so near the amount 
which kills the animal, an exact neutralization ratio is difficult to deter 
mine As m the case of the chicken, it appears to be an inhibition which 
IS reversed with considerable difficulty 
The question of whether the lapid death of the chicks and rats after ad 
ministration of the inhibitor is due to a pteroylglutamic acid deficiency per 
se or to othei pharmacological properties of the compound is not clearly 
answered by the above data The fact that large amounts of pteroyl 
glutamic acid can prevent the onset of the symptoms m ould seem to favor 
the former possibility 


DISCUSSION 

These results make it evident that 4-ammopteroylglutamic acid is a 
powerful antagonist for pteroylglutamic acid and related metabolites 
With Slreplococcus faecahs R, the inhibition index was different for the 
different metabolites Since a constant index foi any given metabolite was 
not obtained, this inhibition is not a classical example of competitive ink 
bitions A slightly different inhibition pattern for Streptococcus faecahs 
was obtamed with this mhibitor as compared to results obtamed previous} 
with pteroylaspartic acid (3) 

For rats and chickens the inhibition w ould appear to be competitive, u 
only in the general sense that very high doses of metabolite are requir “ 
remove the toxic manifestations of the inhibitor The quantity of m > ' 
tor needed to produce effective inlubitions of the ammals is so nearly 
which rapidly kills the animals that the workmg range is very narrow 
Blood studies indicate that a severe anemia can be produced by 
this compound and that the anemia can be prevented or cured by 
admmistration of pteroylglutamic acid ^ 

It would seem necessary to handle this compound wth the same 
cautions used for other toxic substances 


SUMMARY 


4-Ammopteroylglutamic acid was foimd to be an antagonist for p 
glutamic acid for Streptococcus faecahs R, rats, and chickens 

The inhibition is reversible but is not of a stnctly competitive na 

1 Unpublished data 
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A CHEMICAL DETEEjMINATION OF STREPTOMYCIN IN BODY 

TISSUES AND URINE 

B\ VIOLA C JELINEK and GEORGE E BOXER 
{From the Research Laboratories of Merck and Company, Inc , Rahway, New Jersey) 

(Received for publication. May 4, 1948) 

adequate dosage foi chemotheiapeutic agents is generally established 
on the basis of the concentiation of the paiticulai drug in the blood It is, 
howevei, a t\ell recognized fact that foi some antibiotics in a number of 
infections the site of the therapeutic action may not be the blood stream 
itself, but rather the affected tissues and their inteistitial fluid Informa- 
tion on the concentiation of stieptomycin m the tissues will be of paiticulai 
interest in the theiapj"- of the non-heraatogenous forms of tuberculosis 
In previous papers, ve have described chemical methods for the assay of 
streptomycin in clinical preparations, broth, mine, blood, and spmal fluid 
These methods were based on the foi-mation of maltol from streptomycin 
by heating with alkali (1) or on the formation of a fluorescent hydrazone 
of streptomycin (2) The fluoiometric method affords a high degree of 
sensitivity, sufficient to measure the amoimts of stieptomycm present m 
blood and spinal fluid This procedure ivith its accuracy and lepioduci- 
bility permitted the demonstration of the detailed and predictable relation- 
ship between the amount of the drug mjected and the blood levels obtained 
(3) A colorimeti ic method based on an analogous reaction of the aldehyde 
group of streptomycin, but of somewhat less sensitivity than the fluoro- 
metne assay, has been independently repoited by IMarshall, Blanchard, and 
Buhle (4) 

The distribution of streptomycin in the tissues of experimental animals 
has been determined by means of microbiological assay methods (5, 6) 
which are, howevei, subject to considerable inherent enor These data in- 
dicated that the quantities of streptomycin in the tissues following injection 
of theiapeutic doses aie of the oidei of magnitude of 1 to 20 7 per gm of 
tissue Since the fluoiometiic pioceduie is sufficiently sensitii e to measme 
such amounts, it has been adapted for the assay of streptomycin m tissues 
The quantities of streptomycin excreted m the uime are usually large 
enough to be measured by a method based on maltol formation (1) For 
urinaiy clearance studies, howevei, it is desirable to measure the concen- 
tration of the drug in the blood and uime by a method based on the same 
chemical reaction, and the fliiorometiic procedure was thus extended for 
the assay of streptomycin in urine Identical values were obtamed with 
both methods, maltol formation and the fluorometnc procedure 
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In the fluoiometnc assay ot stieptomycm in blood a very small and essen- 
tially constant blanlc was obtamed mth the piotem-free blood filtrates (2) 
Appreciable and variable blank values were encounteied when the fluoro- 
metiic method was applied to deprotemized filtiates fiom noimal tissues 
Usually the blanlc value foi urine is nearly that of the leagent blank, smce 
the mine is greatly diluted for assay, howevei, if very small quantities of 
streptomycin aie to be determined in undiluted urme, the blank value 
becomes significant These blanks can, howevei, be accurately deter- 
mmed by selectively destroying the streptomycin wthout altermg the 
amounts of the mterfermg substances present Either acid or alkali 
destroys streptomycin, the choice of pH depends on the effect on the mter- 
fermg substances Heating in dilute acid ^vlll selectively destroy strepto- 
mycin m protem-free extracts of liver, brain, lung, heart, and spleen without 
changmg the quantity of inteifermg substances present Acid destruction 
was previously used m the assay of streptomycm in broth by the maltol 
procedure (1) In uimes, heating mth acid not only destroyed the strep- 
tomj'-cm but also liberated additional mterfermg material A satisfactoiy 
urme blank was obtamed by alkali heat treatment which converts strepto- 
j cm mto maltol, not reactive m the fluorometrio procedure, while the 
amount of interfering material was not changed 
The fluorometric assay of streptomycm m hver was somewhat more 
mvolved The deprotemized extracts of livers from normal well nourished 
animals contam laige quantities of glycogen Although glycogen does not 
react with acridyl hydrazme and is not mherently fluorescent, it will give 
spurious leadmgs m the fluorophotometer due to the scattermg of light 
Removal of the glycogen from the protein-free extract was, of course, easily 
obtamed by precipitation with an equal volume of ethyl alcohol, but it was 
necessary to remove the bulk of the alcohol, smce the presence of appre- 
ciable quantities of ethanol seriously decreased the sensitivity of the assay 
Wide variations, from 0 to 3000 y pei ml , of the concentration of strepto- 
mycm m urme will be encountered in excietion studies The dilution of the 
urme to the proper concentration for the fluorometric assay, 1 to 20 y, may 
not always be accurately predicted, and a determmation may be out o 
1 ange Simple dilution of the final solution is not feasible, smce the fluores- 
cence IS critically dependent on the acidity The acridyl hydrazone o 
streptomycm, in addition to bemg fluorescent, has a yellow color in higher 
concentrations This color was used to extend the usefulness of the hydra- 
zme method to a range from 1 to 500 y of streptomycin Thus, an assay 
which IS out of range for the measurement of fluorescence can still be com 
pleted by determmmg the light absorption at a wave-length of 440 mii 
When the calibration curve of the fluorometric method was 
occasionally, it was noted that the curve had a defimte lower slope on o 
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claj'S In order to deinonstiate that the intensity of the fluoiescence of the 
acndyl hydiazone of streptomycin was dependent on temperatuie, fluoio- 
photometric leadings weie taken on a solution of aciidyl hydiazone from 
20 7 of streptomjtm while incieasing and decreasing the temperature from 
22-4-1° In Fig 1 the results of this expeiiment are represented graphically 
The allows indicate whethci the leading was obtained on the heating or 
coolnig phase of the experiment Fiom the smooth cuive it is apparent 
that vaiiations due to small, ordinary room temperature fluctuations wall 
be significant only for the most accurate wmrk ^Vhen the temperature is 
markedly different from that at w'hich the calibration was performed, a 
percentage correction factoi should be applied which is readily obtamed 
from Fig 1 ^Uternatively, one can construct a set of calibration cui-ves 



Fig 1 Influence of temperature on the fluorescence of the acridj 1 hydrazone of 

streptomycin 

at several useful temperatures In any case, at a given temperatuie the 
fluorescence was still strictly proportional to the streptomycin present 

EXPEHIWBNTAL 

Reagents — 

Reagents as described for the determmation of streptomycin m blood 

( 2 ) 

Isoamyl alcohol (7 volumes)-benzene (3 volumes) mixture 

4 N NaOH 

4nHC1 

Determination in Urine — The quantity of streptomycin in urme was 
measured by difference, the amount of mterfeience bemg subtracted from 
the total amount of fluorescent material For the “total” determmation 
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an aliquot of mine contaming less than 20 7 of stieptoinycin was diluted to 
14 ml , 1 ml of 4 N HCl and 3 ml of the acndyl hydrazme leagent were 
added, and the procedme foi the determination of streptomycin in aqueous 
solution was followed (2) 4 N HCl was substituted for 3 N HCl ui the pro 

cedure foi an aqueous solution to insme adequate acichty m the piesence 
of the urinary buffers The ahquot of mine used for a determmation was 
usually considerably less than the equivalent of 0 1 ml of undiluted urine 
With more than 0 5 ml of imdiluted urme, recoveiies were low, the blanks 
were excessively high, and the galvanometer leadmgs weie unstable, driftmg 
upward None of these difficulties were ever encountered if 0 5 ml or less 
of the undiluted urme was used 


Table I 


Experimental Basis for Differential Assay of Streptomycin in Urine 


Species 

Volume of uruie 

Galvanometer reading of urine blank 

Directl> 

After beating with 

alivoU 

Rabbit 

ml 

0 2 

14 0 

14 2 


0 5 

27 0 

26 5 

<< 

1 0 

43 5 

43 3 

Dog 

0 2 

16 2 

16 0 

(t 

0 6 

28 8 

29 5 

it 

1 0 

49 0 

61 0 

Mau 

0 6 

9 0 

8 2 

tt 

0 5 

12 8 

13 0 

H 

0 6 

9 0 

8 8 


0 5 

15 5 

16 0 

n 

0 5 

13 8 

12 0 

(( 

0 2 

10 0 

10 3 


The “urine blank" was obtained with an equal aliquot diluted to 5 ml , 
and the streptomycm was conveited to maltol by addmg 1 ml of 3 N NaOH 
and immersmg the tube m a boiling watei bath for 3 mmutes The tube 
was cooled, and 7 ml of water were added, followed by 2 ml of 4 N HCl and 
3 ml of hydrazmo-aciidme reagent The subsequent reaction and the ev 
ti action were as usual ( 2 ) 

Table I contains lepiesentative lesults which establish the essenti 
reqmiement foi a useful blank, namely, that the piocess which destroye 
the stieptomycm m urme does not alter the amount of mterfeimg materi 
Smce chmcal expeiiments frequently require storage of urme samp 
prior to assay, the stability of streptomycm added to normal urme 
lefiigerator temperature was determmed daily for a week Both e 
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“total” deteimination and the amount of mteiference remained constant 
for this period 

Dclc) minalion in Tii>i,uc — The initial steps of homogenization and depio- 
teinization wcie the same foi all the tissues, the entiie pioceduie being 
accomplished in the Waiing blendoi 3 gm of tissue weie minced, sus- 
pended III i\ atci to a volume of SO ml , and homogenized in the blendoi foi 
3 to 5 minutes With the blendoi still m opeiation, the homogenate vas 
depioteinized with 10 ml of 10 pei cent ZnSOi THoO, followed after 1 
nnnute with 10 ml of 0 5 n NaOII Mixing was contmued foi about i 
minute before filteimg The quantities suggested can be efficiently mamp- 
ulatcd m the macio container of the blendoi, smallei quantities can be 
processed eithei m the micio contamei oi by manual gimding and depro- 
teinization 

Tvblc II 


Uxpcrimcnlal Basis for Differenltal Assay of Streptomycin in Tissues 


Tissue, 0 S gm 

Galvanometer reading of tissue blank 

Directly 

After heating with acid 

Heart 

9 0 

8 8 

Brain 

11 0 

10 2 

(C 

12 3 

12 0 

n 

10 3 

9 3 

Lung 

9 8 

S 8 

tt 

8 2 

7 5 

t( 

11 8 

10 3 

Spleen 

14 0 

15 3 


(a) Lung, Brain, Heart, Spleen— Two aliquots of the protem-fiee filtrate, 
containmg 0 5 gm of tissue pei 10 ml , were used m a ddfeiential method 
similar to that foi urine The “total” value ivas determmed m a 10 ml 
aliquot by addmg 4 ml of watei, 1 ml of 4 n HCl, and 3 ml of the acridme 
reagent, and continuing the procedure for the determmation of strepto- 
mycm m aqueous solution (2) 

To obtain a “tissue blank,” stieptomycm was destroyed m the second 
aliquot by heat treatment with acid To a 10 ml aliquot w^eie added 3 ml 
of 4 N HCl, and the tube was immeised m boiling water foi 5 mmutes 
Aftei coohng, 2 ml of 4 n NaOH and 3 ml of hydiazmo-aciidme leagent 
weie added and the pioceduie w'as completed as usual (2) 

Evidence m Table II is presented to show that the amount of mterfeimg 
material is not altered when streptomycm is destroyed m tissue extracts by 
heatmg with acid Representative imlues obtained wnth rabbit tissues are 
lecorded 
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(6) Live ) — The pioceciure for Iivei is essentially the same as that desenbed 
for the other tissues, i\uth the e\ception of additional steps for the removal 
of glycogen An equal voliune of absolute ethanol uas added to 25 to 30 
ml of protem-free liver filtrate and the glycogen precipitate was permitted 
to settle foi 15 to 30 mmutes After centrifugmg, the bulk of the ethanol 
was removed from tw'o 20 ml aliquots (20 ml == 0 5 gm of tissue) of the 
supernatant by extracting once mth 20 ml of isoamyl alcohol-benzene 
mixtme for 10 seconds The w ater phase, S 5 ml , wns collected m a 25 ml 
glass-stoppered graduate For the “total” determmation the volume was 
brought to 14 ml -with water, and 1 ml of 4 N HCl and 3 ml of the acridme 
reagent weie added The reaction and separation procedures were as usual 
(2), except for the addition of 4 ml of water before the separation with 
benzyl alcohol was begun The presence of a small amount of residual 
ethanol causes a decrease of volume of the aqueous phase m the separation 
procedure, making this addition of water necessaiy to obtain the proper 
final volume of 15 to 16 ml 

The water phase from the other aliquot was diluted to 10 ml ivith water, 
3 ml of 4 N HCl were added, and the streptomycm was destroyed by heatmg 
m a water bath at 80° for 15 mmutes The usual procedure at 100° would 
cause excessive boilmg because of the small amount of residual alcohol 
Subsequently 2 ml of 4 N NaOH and 3 ml of the acridme reagent were 
added, followed by the reaction and separation as usual, mcluding the 
addition of 4 ml of water, as m the correspondmg “total” determmation 

The calibration curve obtamed with streptomycm m 50 per cent ethanol 
with subsequent alcohol removal is slightly less sensitive than that obtamed 
directly m the absence of alcohol Thus, when this procedure is used for 
the determmation of streptomycm in liver, a calibration curve mvolvmg 
the extinction of ethanol wnth isoamyl alcohol-benzene must be established 

Results 

Analytical recovenes of streptomycm added to the normal unne of man 
and dog were determined on a number of samples The recoveries vere 
quantitative withm the expeiimental errors of the fluorometric method, 
prm ided 0 1 ml or less of imdiluted urine w as used per test In slx expen 
ments on human urme, to which from 20 to 100 y of streptomycm per ml 
had been added, 99 ± 9 per cent weie recoveied when 0 2 ml of urine per 
assay was used The recovery obtamed noth twelve samples of human urme 
contaimng from 2 to 50 7 of the dmg per ml was 95 ± 6 per cent when 
0 5 ml was used pei test In similar experiments wath ten samples of dog 
urmes contammg from 25 to 100 7 per ml there was a recovery of 93 4: a 
per cent of the added drug when 0 2 ml of mine was used, while 87 ± 7 per 
cent was recox ered m nme cases m w'hich 0 5 ml of imdiluted dog urme nas 
analyzed contammg from 10 to 40 7 per ml 
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The fluorometiic method is suflicieutl}’^ sensitive to determine 1 7 of 
streptomj'cin per test (2) Thus mine containmg 10 7 pei ml can be 
assayed uitli 0 1 ml of undiluted uiine foi the determination ivith no coi- 
rection in\ olved for reco\ ery In the rare cases in which smallei concen- 
trations aie to be measured, correspondingly larger volumes must be used, 
and appiopriate corrections made from the recovery data just presented 
If 0 5 ml of the urme is used per test, the lower limit is 2 7 per ml 
In Table III typical values on urines fiom patients and dogs receivmg 
steptomycm mtramuscularly are reported The results from three methods 
of assay aie compared the fluorometiic method, the colorimetric deter- 
mination of the acridyl hydiazone of streptomycin, and the assay based on 

T^-ble III 


Delerminalion of Streptomycin in tJnne after Intramuscular Injection, Comparison of 

Various Chemical Methods 



Streptomycin determmed by 


Urine 

^foltol method phenol 

Acridyl hydrazme method 


reagent 

Fluorometric 

Colorimetric 


y ptr ml 

y per ml 

y per ml 

Dog 

178 

160 



385 

413 


it 

799 

832 


it 

216 

225 


tt 

59 

66 


it 

127 

149 


Man 

823 

704 

748 

tt 

505 

482 

531 

U 

755 

818 

803 

ft 

1018 

960 

913 

<< 

539 

610 

593 


maltol formation The agreement between the three methods was satis- 
factory, and, if the quantities of streptomycm are relatively large, any of 
these methods ivill give the desired results For clearance experiments a 
method based on acridyl hydrazone formation is preferable, smee the deter- 
nunation in both urme and blood is based on the same reaction The 
fluorometric is, of course, more sensitive than the maltol method Fur- 
thermore, the acridyl hydrazone method is not influenced by contammation 
of the urme ivith feces, which seriously mterferes m the maltol method 
Recovery expeiiments of streptomycm added to various tissues of sev- 
eral species are summarized m Table IV 
In these experiments the drug was of necessity added to the homogenate 
of the tissue and the essentially complete recoveries mdicate that none of 
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the stieptomycin was adsoibed duimg the deproteimzation or lost during 
subsequent opeiation In the case of the parenteral admmistiation of 
streptomycin the possibility cannot be ruled out that some of the drag 

Table TV 


inahjlical Recovery of SCreplomyciii Added to Tissue 


Species 


No of 

' czpciiments 

Amount of streptomycin 
added 

04 gm tissue 

Per cent recovery and 
standard deviation 

Dog 

Liver 

5 

y 

11 W9 9 

103 ± 14 

(( 

Lung 

6 

1 4-13 9 

98 ± S 

“ 

Brain 

1 ® 

1 4-19 5 

96 ± 10 


Spleen 

1 9 

1 4-19 0 

96 ± 8 

Rabbit 

Liver 

! 15 

1 4-28 0 

97 ± 11 

l( 

Lung ' 

7 

2 S-20 9 

99 ± 6 

U 

Brain 

6 

2 8-20 9 

99 ± 0 

4( 

Spleen 

1 

10 7 

95 

«< 

Heart 

1 

j 10 0 

94 

Cat 

Lung 

^ 5 

1 2 8-13 9 

no ± 17 


Brain 

1 ^ 

■ 1 4-19 5 

96 ± 10 

(t 

j Spleen 

1 1 

k 

1 28 

93 


Table V 

Determination of Stieptomycin in Organs of Rabbits after Intramuscular Injection ef 
Total of 60,000 y per Kilo of Streptomycin, Injected in Three Equal Doses at 

3 Hour Intervals 


Streptomycin 

Rabbit A Killed 1 hr after 
last injection 

Rabbit B Kdled 24 hrs. after 

1 last injection 


7 per ml 

7 per ml 

Plasma 

75 5 

19 1 

1 

r per sm 

1 7 per sm 

Liver 

11 2 

i 3 6 

Lung 

23 2 

0 0 

Heart 

16 2 ! 

1 S 

Spleen 

10 2 i 

<1 0 

Brain 

2 8 

1 4 


might be boimd to the msoluble pai tides of the cells and could there or 
not be released on homogenization into the solution 

An example of the application of the fluorometiic method to the ^ej^^ 
mination of streptomycin m tissues of animals receiving the diug m 

muscularly is reported m Table V j hving 

Thus it IS demonstrated that streptomycin administeied to t 
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animal can be analytically determined in the tissues by the method de- 
scribed Since the lelatively small concentrations of streptomycm foimd 
m the tissues could be entiiely due to the blood content of the organs, mter- 
pretation of the lesults must be deferred to a more detailed study 

SUIUMARY 

A fiuoiometric method for the determmation of streptomycm m imme and 
tissue has been desciibed 

The lower limit of sensitivity is 2 7 per ml of mine and 2 7 per gm of 
tissue 

Data on the analytical recoveiies of streptomycm added to mme and to 
lung, livei, biain, heait, and spleen aie presented 
The utility of this method for the deteimmation of streptomycm m mme 
and tissues following parenteral administration has been demonstrated 
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INVESTIGATIONS ON THE MUNG BEAN (PHASEOLUS 
AUREUS ROXBURGH) 

I THE DETERMINATION OF EIGHTEEN AiMINO ACIDS IN THE 
AHjNG BEAN HYDROLYSATE BY CHEMICAL AND 
I^IICROBIOLOGICAL METHODS* 

Bt W EDWiVRD BELTON and CECILE A HOOVER 
{From the Department of Chemistry, Tuskegee Institute, Alabama) 

(Received for publication, February 20, 1948) 

The mung bean, Phaseolus aureus Roxburgh, has been utihzed as a 
source of protein m chick diets Elementary feeding experiments con- 
ducted at Tuskegee Institute and elsewhere indicated that the addition of 
supplementary amino acids is required to increase the effectiveness of the 
mung bean as a source of complete protem m the diet Smee these ammo 
acids and the amounts in which they must be added were not known, the 
present study was undertaken to determme the ammo acid composition 
of the total protein of the mung bean 
Previous work on the analysis of the mung bean has been limited to an 
elementary chermcal analysis by Heller (1) and determmations of the 
nitrogen distnbution by Heller (2) and Johns and Waterman (3) In 
addition, the tyrosme and tryptophan contents of the a- and /3-globuhns 
of the mung bean have been detenmned by Jones (4), usmg colonmetnc 
methods 


EXPERIMENTAL 

Preparation of Sample — ^AU samples of the mung bean used in these 
experiments were prepared from beans grown on experimental plots 
The beans were ground and the fat extracted with ether m a Soxhlet 
apparatus for 18 hours 

From previous experiments undertaken to determme complete hydroly- 
sis, it was found that autoclavmg a 5 gm sample with 60 ml of 10 per cent 
hydrochloric acid at 15 pounds pressure for 5 hours gave best results 
For tyrosme and tryptophan, alkaline hydrolysis with 50 ml of 5 n sodium 
hydroxide m an autoclave at 15 pounds pressure for 5 hours was used 
In all subsequent work, these conditions of hydrolysis were employed 

The total mtrogen was detenmned by the micro-Kjeldahl method and 
found to be 3 73 per cent 

* This work was aided by a grant from Swift and Company to the Carver Research 
Foundation The material in this paper was taken in part from a thesis submitted 
6y C A Hoover m partial fulfilment of the requirements for the degree of Master 
of Science m Chemistry, Tuskegee Institute, Alabama 
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Cohmmtnc Assay — Quantitative woik on colomnetnc analysis in- 
cluded assays of arginine, methionine, tyrosine, tiyptophan, phenylalanine, 
and vahne The acid hydrolysate was used for all analyses except those 
of tyrosme and tryptophan Varymg concentrations of the standard 
solutions^ and hydrolysate were prepared From readmgs obtamed on a 
Cenco Sheard-Sanford photelometei, the standard cmwes weie plotted on 
Cenco semilogarithmic paper Solutions of the hydrolysate were treated 
m a similar manner and the values obtamed were mterpolated on the 
standard curve for the correspondmg ammo acid From these, percent- 



GHiaiA a PHENTLALUMINS GAUHA ^ VALINE 
Fig 1 Colorimetric assay 


ages of the ammo acids present m the hydrolysate were obtamed The 
data for these analyses are summarized m Fig 1 
Mtcrohiological Assay — The assay techniques employed m the nnero 
biological analysis weie those of Dunn et al (5-7) for Leuconosloc viesen- 
teroides P-60 and Baumgaiten et al (8) for Lactobacillus aiabinosus 17 o 
and Streptococcus faecahs Experiments were run m quadruphcate wi 
9 ml of the basal medium made up to a final volume of 10 ml by the ad - 
tion of varymg ratios of distilled water and the standard solution or tn 

1 c p grade ammo acids were used m all assays The folic acid, under the 
name Folvite, was purchased from the Lederle Laboratories Division, Amo 
Cyanamid Company 
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GUm ASPARTIC ACID GAm b LEUCINB GAMMA ^ THRECHINB 



Gamma l cistine gamma l lisihe hci gamma m triptophan 



Fig 2 Microbiological assay 


hydrolysate The tubes were autoclaved 15 minutes at 15 pounds pressure 
■Hid mcubated 72 hours at 35-37° Titrations were made electrometncally 
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■nith stanclaid base to pH 7 from a imtio burette Standard curves for 
miciobiological assays of the ammo acids are sho^vn in Fig 2 
Recovery Expenments — To deteimme the ^ahdlty of assay results, 
lecoveiy expenments weie conducted on the mung bean hydrolysate ivitli 
added amounts of aigmme, isoleucme, lysine, methionme, phenylalanine, 
thieonine, and tiyptophan The results aie summaiized in Table I 

Tvbli, I 


Results oj Recovery Experiments on Ammo ictrf Test Mixture 


Amino acid j 

1 

Titration \oItimc 
per tube 

Amim 

Added 

} acid 

Found 

Recov cry 

I 

1 

ml 

y 

7 

PiT uni 

Arginine , 

1 86 

8 0 

8 0 

100 

1 

2 90 

20 0 

19 5 

98 

1 

4 34 

40 0 

10 0 

100 

Isoleucme , 

2 90 

26 0 

26 0 

100 

1 

4 24 ^ 

52 0 

52 0 

100 


5 36 

77 0 

75 0 

97 

1 

6 36 

103 0 

102 0 

99 

Lysine j 

1 56 

4 0 

1 0 

100 


1 74 

10 0 

10 0 

100 


2 10 

20 0 

20 0 

100 


2 62 

30 0 

30 0 

100 


3 40 

10 0 

41 0 

102 

Methionme 

3 76 

4 3 

4 6 

105 


4 70 

14 0 

13 0 

98 


5 78 

22 0 

23 5 

106 


6 60 

32 0 

31 5 

98 


7 74 

43 5 

43 5 

100 

Phenylalanine 

3 18 

8 8 

8 9 

101 


5 85 

44 0 

44 0 

100 


6 76 

66 0 

66 0 

100 

Threonine 

1 30 

20 0 

20 0 

100 


2 12 

60 0 

60 0 

100 


2 72 

80 0 

SO 0 

100 

Tryptophan 

2 10 

2 1 

2 2 

104 


2 10 

4 1 

4 1 

lUU 


3 80 

6 2 

6 2 

100 


4 70 

8 2 

8 4 

102 


Miciobiological, colonmetiic, and Van Slyke mtiogen distiibution valu 
foi eighteen ammo acids were summaiized and compared m ia 


DISCUSSION 

The values repoited foi the nitrogen distnbution experiments have 
checked against similar values leported by previous mvestigators 
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argmmc \aluc obtained m this investigation, 11 10 pei cent, is considerablj'- 
lowei tlian tlie value i cpoi ted by Ilellei , however, the histidine and cystine 
values, 6 73 and 1 06 pei cent, lespectively, agiee closelj’’ with values re- 
ported by llellei, G 76 and 1 62 per cent The value lepoited for lysine 
is loiier than that of Heller Howevei, it should be pointed out that the 
lysine value is obt lined bj"^ dillercnce, hence, any disciepancy in the analysis 
of the total basic fraction would be reflected in the lysine value 


Table II 

ComparisoK of iinino Acid Atsi>ay Values on Many Bean with Olhei Work Previously 

Reported in Literature 


\rmno acid 

Microbiological 
‘ analysis 

Colorimetric 

analysis 

Chemical analysis 

This worL 

HeUer (2)* 


^ per cent 

' per cent 

per cent 

per cent 

Alanine 

! 0 81 




Argimno 

2 so 

2 61 

2 56 

3 15 

Aspartic acid 

1 33 




Cystine 

1 0 29 


0 38 

0 37 

Glutamic acid 

11 69 




Glycine 

9 07 




Histidine 

1 52 


1 56 

1 57 

Isoleucine 

0 33 




Leucine 

9 12 




Lysine 

3 81 


2 58 

2 98 

Methionine 

0 62 

0 62 1 



Phenylalanine 

2 76 

2 60 



Proline 

5 27 




Serine 

2 85 




Threonine 

1 88 




Tryptophan 

0 63 

0 60 



Tyrosine 

1 37 

1 54 



Valine 

6 16 

6 20 




* The values m the last column were recalculated in terms of per cent amino acid 
in the protein for the sake of comparison 


Whereas the quantitative assay involved the actual determination of 
eighteen ammo acids, tests indicate the qualitative presence of hydroxy- 
prohne and cysteme tvhich cannot be deteimmed microbiologically 
By using the miciobiological assay method, smooth standard curves, 
recovery of ammo acids wnthin the hmit of experimental erioi, and identical 
results at vaiious levels of the hydiolysate were estabhshed in assays wnth 
Leuconostoc mesenteroides P-60, Lactobacillus arabinosus 17-5, and Strepto- 
coccus faecahs 

Eighteen ammo acids m the mung bean w'ere determmed microbio- 
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logically Alanine, histidine, lysine, methionine, and senne were deter- 
mmed with Streptococcus faecahs, aspartic acid, glycine, leucine, 
phenylalanme, prohne, tyrosuie, tryptophan, thieonme, and valine were 
determmed with Leuconostoc viesetiteroides P-60, and isoleucine was deter 
mmed mth Lactobacillus arahinosus 17-5 

The microbiological value for lysine, 3 81 per cent, was considerably 
higher than the value obtained by the Van Slyke method, 2 58 per cent 
However, this value is m agreement with the value reported by Heller 
The values obtained for argimne by the Van Slyke method, 2 56 per cent, 
and the coloiimetiic method, 2 61 per cent, compare favorably with that 
obtamed by the microbiological assay method, 2 56 per cent The micro- 
biological values foi histidine and cystine, 1 52 and 0 29 per cent, respec- 
tively, check closely mth values obtamed by the nitrogen distnbution 
method, 1 56 and 0 38 per cent, and those reported by Heller, 1 57 and 
0 37 per cent 

In addition to the colorimetric value for argmme (discussed earher), 
colorimetric assays have been conducted for methiomne, phenylalanine 
tryptophan, tyiosme, and valme These values were found to be m 
excellent agreement with those obtamed by the microbiological assay 
method (Table II) 

Since the values obtamed for the five monoammo acids compared 
favorably, it is felt that the values reported, for alanine 0 81 per cent, 
aspartic acid 1 33 per cent, glutamic acid 11 69 per cent, glycme 9 07 per 
cent, isoleucme 0 33 per cent, leucine 9 12 per cent, prohne 5 27 per cent, 
serme 2 85 per cent, and threomne 1 88 per cent, are accurate withm the 
experimental himts of the microbiological assay method 

Accordmg to Stokes and Gunness (9), the synthetic racemate of each 
ammo acid was found to be exactly one-half as active as the n isomeTi 
mdicatmg that the n, or unnatuial isomer, was mactive Also, identica 
standard curves were obtamed ivith the n and dl forms, when twice as 
much of the latter was used Hence, either form can be used as a 
standard for assay purposes 


SUMMARY 

The ammo acid composition of the total piotem of the mung bean, 
Phaseolus aureus Roxburgh, has been determmed by chemical and micro 
biological assay methods 

1 Data are reported on the quantitative colorimetric assay of arginine, 
methiomne, vahne, tyrosme, tryptophan, and phenylalamne 

2 Evidence has been cited to substantiate the vahdity of the va ue 
reported 
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THE EXTINCTION COEFFICIENTS OF THE REDUCED 
B \.ND OF PYRIDINE NUCLEOTIDES 


13\ B L IIORECKEIl vnu VRTHUR KORNBERG 
{From the Diiistoit of PhjbtoloQij, !^alional Inalitulc of Health, Bethesda, Maryland) 
(Recci\ed for publication, May 4, 1948) 

AVarbuig and Christian (1) obseived that the reduced foims of chphos- 
phopjuidine nucleotide (DPN) and tiiphosphopyiidme nucleotide (TPN) 
have absoiption bands with maxima at 340 mp, wheieas the oxidized foims 
have no absoiption at this wave-length Application of this obsei-vation 
to the quantitatne dctemunation of the pyiidme nucleotides and of sub- 
stiates i\hich can be bi ought into stoichiometiic leaction mth them has 
been hampeiod Iiy the lack of i pliable extinction coefficients for these sub- 
stances The published values foi DPN, recently reviewed by Diabkm 
(2), vaiy fiom 4 78 X 10® to 6 28 X 10® sq cm X mole~‘ In the case of 
those values which w ere detennmed b}’’ calculation from the absoiption of 
a given quantity of nucleotide which was assumed to be puie, it may be 
piesumed that the puiest samples yielded the highest values, although no 
good ciiteiion of puiity is available The highest value thus fai reported, 
6 28 X 10®, was obtamed by Ohlmeyer (3) for a sample of isolated i educed 
DPN In the case of TPN there is consideiably less information, although 
the molecular extinction coefficient has been leported to be the same as foi 
DPN (4) 

Precise values foi the extmction coefficients can be deteimmed with 
pyridme nucleotide piepaiations which aie not necessarily puie by the use 
of pure substiates m reactions which are essentially complete Thus, wnth 
an excess of pyiidme nucleotide over substiate imdei smtable conditions 
the change in absorption would be due to the reaction of a quantity of 
nucleotide equivalent to the added substiate 
Such detemimations have been made with pyiuvic acid, acetaldehyde, 
and isociti ic acid For the reactions, 

Pyruvic acid -f- DPNH- lactic acid -j- DPN 
Acetaldehyde -|- DPNHj ;=i alcohol -P DPN 
d-Iaocitric acid -p TPN ^ a ketoglutanc acid -p TPNH. -P CO. 

the equilibiium constants have been lepoited as 1 7 X 10* (5), 1 4 X 10® 
(6), and 7 7 X 10® (7), lespectively In the case of acetaldehyde, with the 
smallest constant, the reaction would pioceed to about 99 9 pei cent of com- 
pletion with a 2-fold excess of DPNH.. The extinction coefficients ob- 
tained wnth both DPN and TPN m these leactions agiee wathm 2 per 
cent and confirm Ohlmeyer’s value 
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EXTINCTION COEFFICIENTS 01 NUCLEOTIDES 


EXPERIMENTAL 
Absorpho7i Measurements 

The absorption measurements were made with a Beckman model DU 
quartz spectrophotometer, ivith a slit “width of 1 6 m/i at 340 mju 1 00 
cm cells with Core\ D wmdows were used throughout The results are 
reported as optical density (logio h/T) 

The extinction coeflBcient, «, was obtained from the relation logio la/I = 
€cl where the concentration, was expressed in moles per cc and the length, 
I, m cm 

Pyndine Nucleotides 

Reduced Diphosphopyndine Nucleotide — DPN (purity 0 70) prepared by 
the method of Williamson and Green (8) was reduced and isolated accord 
ing to Ohlmeyer (3) From the change in density at 340 ray on oxidation 
with excess pyruvate in the presence of lactic dehydiogenase, the purity 
was determined to be 0 50 The concentration of DPNHj dechned slowly 
over a penod of seveial months 

Tnphosphopyndine Nucleotide — ^This was obtained from liver by a mod- 
ification of the method of Warburg and Christian (1) ^ The TPN content 
was determmed spectrophotometncally by reduction ivith excess isocitrate 
m the test system described below The preparation had a punty of 0 55 

Enzymes 

Lactic Dehydrogenase — A purified preparation was obtained by repeated 
ammonium sulfate fractionation of an extract of rabbit muscle * 

Isocline Dehydrogenase — ^This was prepared accordmg to Ochoa and 
Weisz-Tabon (9) by extraction of pig heart acetone powder with 0 1 m 
phosphate buffer at pH 7 3, followed by dialysis against running tap water 

Alcohol Dehydrogenase — ^An acetone powder was prepared from washed 
dned breweis’ yeast according to Steps I and II as desenbed by Negelein 
and Wulff (6) With their spectrophotometric test the preparation was 
found to have a purity of 0 025 

Substrates and Test Systems 

Pyruvic Acid — ^Eastman pyruvic acid was freshly distilled in vacuo Jor 
each experiment Fractions were collected at 18 mm and 67 5-68 5 m 
one distillation and at 14 mm and 61 &-62 5° in a second Samples were 
weighed and dissolved immediately after distillation Dilute samples were 
prepared as required from stock solutions contaimng about 1 mg per cc 

1 Unpublished procedure of Warburg and Christian furnished by Dr Erwin Haas 

a Unpublished method 
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For the OMclation of DPNH, by pyruvic acid, the test systems contained 
0 132 micromole of DPXHo and 0 27 niK ot the lactic dehydrogenase prep- 
aration in 1 11 cc of 0 035 m phosph ite buffei at pH 7 4 After measure- 
ment of the density, 0 05 to 0 10 ic of the pyiuvu acid solution was added 
and the density obseived at HO m,x until a constant value ivas reached 
This required 2 to 5 minutes 

^Vlthough lactic dehydrogenase fiom inimal tissue has been described as 
specific for DPN (10), it has lecenth been demonstrated (11) that TPNH2 
will undergo oxidation by pyiuvate in the piesencc of the enzyme, although 
at a much slower rate than DPXH2 The oxidation of TPNHj was ac- 
complished by the addition of pjnuate aftei the TPX had been reduced 
by isocitrate, as described in the following section 
Isocline Acid — Solutions weie piepaied from weighed samples of re- 
crystalhzed di-isocitiic acid and neutralized bet ore use Smee only the 
naturally occurring d isomer (12) reacts m this test,® the concentration 
used in the calculations was based on one-half the total isocitrate added 
The test system for the i eduction of TPN consisted of 0 14 micromole 
of TPN, 0 25 mg of the isocitric dehydrogenase preparation, MnCb to a 
final concentration of 7 X 10“® ji, and veronal buffer of pH 7 3 (13) to a finn.l 
concentiation of 0 07 m, m a total volume of 1 40 cc The reaction mix- 
ture also contained 5 4 mg of the lactic dehydrogenase preparation to 
catalyze the subsequent leoxidation by pyruvate The mcrease in den- 
sity on addition of 0 1 cc of isocitnc acid was observed until a constant 
value w as reached, after which 0 05 cc of pyruvic acid was added and the 
decrease m density measuied The reduction by isocitrate was complete 
m 7 minutes, the reoxidation by pyruvate was essentially complete m 1 
hour and a final readmg was obtamed aftei 8 hours 
Acetaldehyde — sample of acetaldehyde (ICahlbaum) was distilled at 
atmospheric pressure and a fraction collected at 20 5-21 5° A standard 
solution contammg about 2 mg pei cc was prepared as described by Wag- 
ner (I4) Dilute solutions were prepared just before use 
The components of the reaction mixture were essentially those described 
by Negelem and Wulfif 2 0 mg of the alcohol dehydrogenase preparation 
and 0 092 micromole of DPNHo were contamed m 0 05 M pyrophosphate 
buffer, pH 7 5, and 0 1 per cent glycine m a final volume of 1 40 cc The 
reaction was essentially complete in about 8 minutes after addition of acet- 
aldehyde 

In the presence of 0 01 ai semicarbazide the reverse reaction of DPN 
'^th ethyl alcohol is 95 per cent complete and may be used for the deter- 
mmation of as httle as 0 5 7 of alcohol 

’ Personal communication from Dr Severe Ochoa, who kindly furnished the 
dl-isocitric acid 
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Table I 

Molecular Exltnclton Coefficients for DPN and TPN at 3^0 mu 


System 

Density 

Concentration 
of substrate 

Molecular 

extinction 

Initial* 

Final 

coefficient 

Pyruvate-DPNHj 

0 684 

0 389 



(( 

0 683 

0 440 

38 5 

6 31 

(1 

0 648 

0 190 

73 3 

6 25 

Isocitrate-TPN 

0 167 

0 526 

60 6 

6 93 

Pyruvate-TPNH 2 

0 494 

0 212 

45 0 

6 27 

Acetaldehyde-DPNH 2 

0 620 

0 485 

22 1 

6 11 

(( 

0 607 

0 408 

32 6 

6 11 

Average 




6 22t 


* Corrected for dilution due to substrate addition 

t This average was obtained by excluding the result with isocitrate With the 
value included the average is 6 18 



0 10 20 30 

TIME IN MINUTES 

FiQ 1 The oxidation of DPNHj by acetaldehyde The reaction mixture > 
described in the text DPNHj was added to the cell at zero time At the time 
indicated by the arrow, 0 04 cc or 0 06 cc of a 0 795 X 10-’ si acetaldehyde solution 
was added The extensions of the curves beyond 23 minutes are baaed on poiD 
determined at 62 minutes 
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TPNH; ^^as not reo\idized by Acetaldehyde m the presence of yeast 
alcohol dehydrogenase 

Results 

The extinction coefficients obtained in the various reactions are shown 
in Table I The values obtained agree withm 2 per cent and aie in excel- 
lent agreement i\ith the coefficient lepoited by Ohlmeyer In the case 
of isocitrate, the low ^ alue could be due to the presence of about 5 per cent 
of impuiity in the piepaiatiou 

In the presence of high concentiatious of alcohol dehydiogenase, DPNH 2 
IS slowly oxidized without the addition of substrate, as is showm in Fig 1 
Since this oxidation continues aftei the aldehyde reaction is complete, it is 
difficult to fix precisely the change in density due to aldehyde The densi- 
ties used in the calculations in Table I were taken at 20 minutes, shortly 
aftei the lapid phase of the reaction was completed, and the coefficients 
calculated must be regarded as nunmmm values The extent of this enoi, 
howwer, IS probably not gieatei than 1 01 2 per cent 

Using the spectiophotometiic test described by Rackei (15), wnth fiuc- 
tose-l,G-dipho&phate as substrate, Colowick-* has recently measured the 
extinction coefficient for DPNHo at 340 and obtained a value of 6 3 X 
10® sq cm X rnolc"^ 


SUMALVRX 

1 The extinction coefficients of the pyiidme nucleotides at 340 m^ 
have been determined from the change in light absorption on reaction with 
known quantities of pure substrates 

2 A molecular extmctron coefficient of 6 22 X 10® sq cm X mole ^ was 
obtamed for the reduced forms of both diphosphopyndine nucleotide and 
tiiphosphop 3 aidme nucleotide at 340 m/i 

bibliography 

1 Warburg, 0 , and Christian, W , Btochem Z , 287, 291 (1936) 

2 Drabkin, D L , 7 Btol Chem , 167, 563 (1945) 

3 Ohlmeyer, P , Biochem Z , 297 , 66 (1938) ,, , j t:' c 

4 Warburg, O , m Nord, F F , and Weidenhagen, R , Frgebnisse der Enzymfor- 

schung, Leipzig, 7, 210 (1938) /iqiii 

5 Warburg, O , and Chiistiau, W , Biochem Z , 310, 384 (1941) 

6 Negelem, E , and Wulff, H -J , Biochem Z . 293, 351 (1937) 

7 Ochoa, S , in Green, D E , Currents in biochemical research, ^ew York (1946) 

8 Williamson, S, and Green, D E,/ Biol C*®'" > 

9 Ochoa, S , and Weisz-Tabon, E , / Biol C/iem , 16 ' 

10 Green, D E , and Brosteaux, J , Biochem J , 30, 1489 (1936) 


* Personal communication 



390 


EXTINCTION COEFFICIENTS OF NUCLEOTIDES 


11 Mehler, A , Komberg, A , Griaolia, S , and Ochoa, S , J Biol Chem , 174, 961 

(1948) 

12 Pucher, G W , Abrahams, M D , and Vickery, H B , / Biol Chem , 172, 579 

(1948) 

13 Steiner, M , in Bamann, E , and Myrback, K , Die Methoden der Fermentfor 

schung, Leipzig (1941) 

14 Wagner, J , Biochem Z , 194, 441 (1928) 

15 Bicker, E , J Biol Chem , 167, 843 (1947) 



THE DETERMINATION OF RADIOACTIVE IRON IN BIO- 
LOGICAL MATERIAL WITH P/\JRTICULAR REFERENCE TO 
PURIFICATION i\NfD SEP.VRATION OF IRON WITH ISO- 
PROPYL ETHER, /VSHING AND ELECTROPLATING TECH- 
NIQUE, .VND ACCURACY OF THE METHOD 

B\ GILBERT J VOSBURGH, LOUIS B FLEXNER, and DEAN B COWIE 

(From the Department of ObUetrics, The Johns Hopkins University and Hospital, 
the Department of Embryology, Carnegie Institution of Washington, 
Baltimore, and the Department of Terrestrial Magnetism, 

Carnegie Institution of Washington, 

Washington) 


(Received for publication, March 4, 1948) 

In the coui-se of investigations of capillary and placental permeability to 
iron undertaken in this laboratory, it has been found that the several 
published methods (1-8) for the quantitative determination of the radio- 
active isotopes of iron have not met completely our requirements Thus, 
the difficulties due to the low energy radiation and the low specific activity 
of radioactive iron have been mcreased by the necessity of usmg srnpH 
amounts of radioiron if tracer concentrations are not to be exceeded, and by 
the necessity of dealmg with certam tissues rich m calcium and phosphates 
We have diawn heavily upon the experience of other investigators m the 
elaboration of a method which fits our needs and gives high accuracy with 
small amounts of radioiion It is the plan of this papei to (1) desenbe in 
detail the procedure which is outlined below, (2) present the rationale of the 
method and point out certam difficulties that have been encountered, and 
(3) evaluate the accuracy of the method which is umque m its use of dry 
ashing and its use of isopropyl ether to separate iron from mterfenng 
substances 


Outline of Method 

(1) Purify radioiron ivith isopropyl ethei (2) Determine the specific 
activity of radioiron (3) Prepare biological material for assay of radio- 
activity (a) Dry ash at 450-500°, (6) convert the ash to chlonde salts, 
(c) take up material low in calcium and phosphate m ammomum oxalate 
solution, (d) dissolve material high m calcium and phosphate m 8 n hydro- 
chloric acid, extract the iron ivith isopropyl ether, and finally remove the 
non from the ether mth ammonium oxalate solution, (e) electroplate the 
iron from feme ammonium oxalate onto a copper disk (4) IMeasure the 
radioactivity 
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DETERMTVVTION OP RAJJIOACTIVE IRON 


Details aiid Rationale of Method 

Sowce and Puiijicalton of Radioiron — Two ladioactive isotopes of iron 
(Fe“ and Fe®^) are available and suitable for tiacei studies m biology 
Although theu chemical and biological chaiacteiisticsaie practically iden- 
tical, their emitted ladiations aie dissimilai Foi ceitam investigations 
(7) important use is made of these dilfeiences, but foi oui work the mL\ed 
isotopes, pioduced fiom meit metallic iron eithei by deuteion bombard- 
ment m the cyclotron oi by neution bombaidment m the nucleai reactor at 
Oak Ridge, have been employed 

Radioiron piepaied m the nucleai leactoi has been received as feme 
chloride and has been free of radioactive contammants 

Material prepared m the cyclotron has been admixed with radioactive 
contammants and purification has been necessary Radiouon is dissolved 
from the target with a quantity of dilute hydrochloric acid calculated to 
remove only the more active superficial portion After filteimg the solu- 
tion, about 1 ml of concentrated nitric acid is added for each 0 5 gm of 
iron, and the solution is then evaporated to dryness The residue is dis 
solved m 20 ml of 8 n hydrochloric acid, transferred to a separatory fiuinel, 
and shaken approximately 100 tmres with 20 ml of isopropyl ether Tire 
aqueous phase is allowed to separate completely and is then removed The 
ether contams practically all of the non, but also contains some remaining 
radioactive contammants Nme additional 20 ml portions of 8 N hydro 
chloric acid saturated with isopropyl ether are successively shaken with the 
ether and discarded Fmally, ferric chloride, free of radioactive contami- 
nants, IS quantitatively removed from the ether by shaking it briefly woth 
about 20 ml of 0 1 n hydrochloric acid 

Discussion — Special caie is necessary to free the non of radioactive con 
tammants, particularly those with high energy radiation Purification maj 
be accomplished by a series of precipitations (7) with excellent results 
The use of isopropyl ether, suggested to us by Thomas H Alar en, School 
of Medicme, The Johns Hopkms University, and based on the technique 
proposed by Dodson, Forney, and Swift (9), provides a method which is 
considerably more expeditious Isopropyl ether possesses several advaii 
tages over ethyl ether which has long been used to separate ferric chloride 
from other substances Among these are the higher extraction efficienej 
when small quantities of non are present and the somewhat greater range o 
acid concentration permitted by isopropyl ether We have routinely use 
techmeal grade isopropyl ether with excellent results, but it has been foun 
that ether stored m glass contamers exposed to light is not smtable or 
quantitative extraction Shaking the ether with an aqueous solution o^ 
sodium sulfite will remove peroxides w^hich may be present, but caie mus 
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be taken to remove all sulhte from the ethei (10) Iron chloiide must be m 
the higher valence state before e\ti action wth isopropyl ether, and it is for 
this reason that concentrated mtric acid is added durmg the imtial evapo- 
ration Recoiery expeiiments m which ladioiron is used as a tracer indi- 
cate that as little as 3 mg of iron m 25 ml of 8 n hydrochloric acid is quan- 
titatively extracted with t\\ o 25 ml portions of isopropyl ethei 



Fig 1 A compansoa of the 4 absorption curves of radioiron purified by repeated 
precipitations and with isopropyl ether The measurements were made with an 
open air ionization chamber connected to a Lutz-Edelmann electrometer The 
abscissa is in terms of mm of thickness of the aluminum absorber placed between the 
source and the ionization chamber 

Two commonly accepted methods of asceitammg the purity of a radio- 
active isotope are the determmation of its half life and determmation of the 
/3 particle absoiption cui-ve The relatively long half lives (47 days and 4 
yeais) of radioactive non make the use of the first method somewhat 
tedious We have employed the second method and find that the jS-particle 
absorption curve of ladioiron purified by extraction ivith isopropyl ether 
precisely fits the curve of iron purified bv repeated precipitations (Fig 1) 
In both cases the curve satisfies the known spectrum of radiation energies 
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Wing nuts at the top Since the disk and gasket fit into the same shallow 
depression, they aie automatically centered with respect to one another and 
the iron is always distiibuted ovei the same aiea of the disk The use of a 
lubber gasket makes unnecessary not only a giound glass junction between 
the disk and the glass side walls but also the use of sealmg compounds to 
prevent leakage of electrolyte (5) The copper dislcs, which serve not only 
as the mechanical bottom of the cell but also as the cathode, are made from 
annealed sheet copper 0 032 mch thick and are 30 mm in diameter A 
punch and die may be used or the disks may be turned out on a lathe Smce 
the lubber gasket covers a portion of the surface, the effective platmg 
diameter over which the non is distiibuted is 21 mm It is important that 
the surface be nearly plane, smce irregularities will produce errors m the 
countmg rate Steel wool, which we have found moie convement than 
nitric acid, is used to clean the surface of the disks 

Great care must be eveicised to protect agamst contammation of the 
cells After each electrolysis the glass tubmg and rubber gaskets are 
allowed to soak overnight in dilute hydiochloric acid, then washed ivith 
soap and water, and rinsed with distilled water The anodes are immersed 
after an electrolysis in test-tubes containmg a solution of inert ferric chloride 
m dilute hydiochloiic acid The solution is rmsed off with distilled water 
just piior to use 

A selemum rectifier coupled to a heavy duty filament transformei has 
been used as a source of direct cuiient A rheostat is mcorporated m the 
cucmt to regulate the voltage applied to the cells Customarily a bank of 
eight cells is in use, but, if fewer than this number aie m operation, the 
rheostat is of sufficient lesistauce and power capacity to compensate foi the 
decreased cuiient drawn 

The current carried by each cell will be deteimmed by several factors, 
among which are the composition and temperature of the electrolyte, the 
distance between the anode and cathode, and the applied potential Thus, 
mitially 200 miUiamperes flow through each cell, but soon the temperature 


of the electrolyte rises and the current mcreases to about 280 miUiamperes 
The spatial relationship of the anode and cathode influences not only the 
current dra\ra by the ceUs but also the distribution of the electroplated iron 
on the cathode The anode should be approximately centered ovei the 
cathode and the anode-cathode distance must be kept nearly constant from 
cell to cell and m successive electrolyses With the separation of the 
electrodes reduced to 0 5 cm , we find that the countmg late is 18 per cent 
greater than when the same amount of radioiron is electroplated m ce 
with an anode-cathode distance of 3 cm This effect is explamed by t e 
deposition of a larger proportion of radioiion on the central portion of t le 
-with smaUer anode-cathode distances and the moie efficient countmg 
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of the Gcigei-Mullci tube placed o\ci a '^mallei souice The unifoim 
deiibilj" of the i uho uitogi iph lepiodiucd m Fig 3 cleaily demonstiates the 
even dibtiibution of ladioiion on the (oppei disk 
Eithei 1,10-phenuitluolmc oi 2 2'-bipMidvl is used to deteimine the 
end-point of electiolj^bib It should be lec ailed that the thiocyanate test 
for lion is rel itivelj" insensitne in the picsenc e of oxalate, in oui hands the 
ammonium bulhde test h is not been a', satisfactoij' as o-phenanthrohne or 
bipyridyl We have found that aftei 3 5 houis of electrolysis appioxi- 
mately 1 3 7 of non lemain in 20 ml of plating solution, 01 about 0 04 pei 
cent of the total of 3 mg oiiginally piesent 



Fig 3 Representative radioautograph of electroplated radioiron 

Unifoimity of peifoimance among om eight electiolysis cells was tested 
by measuring the radioactivity of a constant amount of ladioiion electro- 
plated in each of the cells Appioximately 42,025 counts were taken from 
each disk to give a standard deviation, due to fluctuation of ladioactive 
disintegration alone, of 205 Six of the eight deteiminations were wnthin 1 
standard deviation from the mean, wdnle the seventh and eighth w^eie wuthin 
2 and 2 7 standard deviations respectively Since the observed variation 
W'as no greater than that expected from fluctuation of radioactive dis- 
mtegiatron, w^e conclude that the eight electrolysis cells give lepioducible 
results 

Measurement of Radioactimty — The bell-shaped, self-quenchmg Geigei- 
Mullei tube is filled w ith aigon and an alcohol vapor and has a mica w indow 
2 9 cm in diametei w eighing 3 3 mg per sq cm Such a tube is insensitive 
to the chaiacteiibtic ladiation produced in the disintegration of Fe“ and 
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counts only the ladiation of Fe®'’ The copper disk, on which the ladioiron 
IS plated, IS iigidly suppoited immediately beneath the counting tube 
\vmdow The counting late of the unlcnown is deteimined and the back- 
giound late subtracted The amount of ladioiion piesent on the disk is 
easily deteimined by lefeuing the counting late, less the backgiound, of the 
sample to the counting late of a known quantity of the radioiion having 
the same specific activity The total number of disintegiations counted in 
any particular deteimination wull depend upon the piecision desired, as 
described in the discussion of “Accuracy of method ” 



Fig 4 Self absorption of radiation from fi\ed amount of radioiron by increasing 
amounts of carrier iron 


Discussion — Since samples of biological mateiial may contain wndely 
varying amoimts of intrinsic non, it is impeiative that one be in position to 
collect the counting late foi self-absoiption of radiation As is appaient 
fiom Fig 4, w^e find no significant self-absoiption when quantities of meit 
non less than 1 4 mg pei sq cm are coplated with negligible weights o 
ladioiion ^Vhen moie than this amount is piesent, the counting lote 
decieases hneaily, and 4 mg of earner iron per sq cm give a counting lat® 
11 pel cent low'ei than the maximum Although the value foi self-absoip 
tion of the /3 ladiation depends largely upon the thiclmess of the coplate 
ineit non, it wall vary with othei factors, such as the chaiacteiistics o 
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individual Geiger-iMiUIer tube, the distance between the source of radiation 
and the tube, and the distiibution of the isotope with respect to the counter 
Mindow Thus, it becomes appaient that the absorption curve determmed 
in one laboratoiy is not precisely applicable to data obtained in another 

Accuracy of Method 

Recovery of a known quantity of ladionon was used to test each step of 
the procedure, and over-all accuiacy was tested by recovery of radionon 
from plasma, red blood cells, and fetal carcass earned through the entne 


Tablc I 

Recovery of Radioactive Iron 

Average recovery in the thirteen evperiments is 18 33 y or 100 17 per cent with a 
standard deviation of 0 09 y The standard deviation, due to fluctuation in radio- 
active disintegration alone, is 0 7 per cent, which is equivalent to 0 13 y when re- 
lated to our standards as explained in the text 


/ 

^ Sample No 

Sample 

Total coudU 

Time 

Counts per sec 


Sample 

Stand 

aid 

Sample 

Stand 

aid 

Sample 

Stand 

aid 

recovery 

1 

Plasma 1 0 nil 

43,904 


mn 

24 

min 

24 

in 

30 472 

100 05 

2 

“ 10“ 

44,342 

43,880 

24 

24 


30 472 

101 05 

3 

“ 10“ 

43,904 

43,880 

24 

24 


30 472 

100 05 

4 

“ 10“ 

38,288 

38,353 

25 

25 

25 525 

25 569 

99 83 

5 

“ 10“ 

37,952 

37,686 

25 

25 

25 301 

25 124 

100 70 

6 

“ 10“ 

38,457 

38,688 

25 

25 

25 638 

25 792 

99 40 

7 

“ 10“ 

38,187 

38,149 

25 

25 

25 458 

25 433 

100 10 

8 

Red blood cells 3 0 ml 

42,124 

49,158 

24 

28 

29 253 

29 261 

99 97 

9 

“ “ “30 “ 

44,224 

29,246 

30 

20 

24 569 

24 372 

100 81 

10 

“ “ “25 “ 

40,749 

40,504 

26 

26 

26 121 

25 964 

100 60 

11 

Carcass 25 gm 

42,227 

42,436 

24 

24 

29 324 

29 469 

99 51 

12 

“ 25 “ 

43,253 

43,305 

24 

24 

30 037 

30 073 

99 88 

13 

“ 50 “ 

43,987 

43,867 

25 

25 

29 325 

29 245 

100 27 


method It has been shown m the discussion of “Electrodeposition of iron” 
that electroanalysis of iron is essentially complete, and that reproducibility 
IS such that variation from sample to sample may be accounted for by 
fluctuation m radioactive disintegration The same accuracy is obtained 
when known quantities of radioiron are extracted from 8 n hydrochloiic 
acid with isopropyl ether, taken up m saturated aqueous ammomum 
oxalate, and then electroplated The data from recovery experunents in 
which 18 3 7 of radioiron were added to samples of biological material are 
listed m Table I The over-all accuracy obtamed when electrolysis, sepa- 
ration with isopropyl ether, and ashmg are combmed is so completely satis- 
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factory that vanations among samples aie no greater than can be explained 
by the variation m ladioactive disintegration Similar results have been 
obtained at the National Institute of Health by Endicott and his coworkeis 
who have successfully used the method desciibed in this paper after sub- 
jectmg it to careful test ^ 

Dtscussion — Interpretation of differences in the counting rate among 
samples was important to us in testing the reproducibility of electioanalysis 
and m evaluatmg data obtamed fiom recovery evpeiiments Weie the 
observed difteiences m counting rate from sample to sample of such magni- 
tude as to be explained by the fluctuations inherent m radioactive dis- 
mtegiation? Or neie they due to real differences in the amount of ra- 
dioiron, resulting fiom deficiencies of the method? Since radioactive 
dismtegiation is a random process and fits Poisson’s lav, the standaid 
deviation, due to fluctuation in radioactive disintegration alone, is given by 
the square root of the number of disintegrations counted This also may 
be taken as a sufficiently accuiate estimation of the standard deviation of 
the counts from a strong sample Thus, if 10,000 disintegrations from such 
a sample are counted, the standard de\ ration is 100, or 1 per cent of the 
cormts, if 2500 counts are taken, the standaid deMation, although nunieii- 
cally smaller, uses to 2 per cent of the count The results of measurements 
are almost invariably expressed as rates and the standaid deviation of the 
countmg rate from a strong sample is given by Vw/tS where t is the time 
mteiwal over which the total count, n, was obtamed When veak samples 
are measrued, it is necessary to consider fluctuation of the background 
countmg rate as well as that of the sample If we have a count lE m time 
t, from a wealc sample (mcluding the background), and a count iib m time 
tb from the background, then the countmg rate of the sample alone is eij 
timat ed as (n,/l,) — (n b/lb) and the standaid deviation is approximated 

by V (71. /t,-) -f (7ii/tb-) 

The data of Table I enable testmg the over -all accuracy of the method, as 
represented by the per cent recovery, and comparison of this with the 
inherent imceitamty arising from covmtmg variations The mean recovery 
in the thirteen experiments is 100 17 pei cent, and the standaid deviation 
from the mean is 0 5 per cent This may be compared with the standard 
delation arising from counting variation alone Recovery is calculated as 

7lu Ut Hu X 

tu tg tu X 

where tu and iiu refer to the time interval over which the count of the 
was measured and t. and n. are the corresponding values of the standard o 

1 Endicott, K M , personal communication 
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winch the sample is icfeiicd The standaid deviation of this latio (since 
iiu and n, are independent and are both large) is approximated by 



In the lecoveiy experiments and n, aie appioximately equal and of the 
order of 40,000, so that o-, = 0 007 or 0 7 pei cent It is now apparent that 
the actual variation of the pei cent lecoveiy (0 5 per cent) is shghtly less 
than IS anticipated from countmg vanation alone This does not imply, of 
course, that the chemical tieatments and manipulations necessaiy to pre- 
pare the biological samples for measurement are without variation, but 
merely that the vaiiations so mtroduced are small compared with those 
mherent m countmg 

In general, investigation of variabihty arismg from sources other than 
fluctuation m radioactive dismtegration requires a comparison of the 
observed variability with that expected fiom countmg variations, and two 
methods have now been described Thus, in the discussion of “Electrode- 
position of iron” the leproducibility of the eight cells was described by 
comparison of the obseiwed distribution of counts about their mean with 
the theoretical distiibution, and m the foregomg paiagraph the standard 
deviation in the recovery experiments was compared with the anticipated 
vanation due to fluctuation m radioactive decay A moie convement test 
IS to compute x®, which is given by 2 where x is the numerical 

value of a smgle count and m is the arithmetic mean of the senes The 
quantity x’ has a Imown piobability distribution dependmg only on the 
number of obseiwations m the senes (14) If, then, the value of x" is so 
large that it is not likely to have arisen by chance, it must be concluded 
that other sources of vanation aie significantly greater than that due to 
fluctuation in radioactive disintegration Application of the x" test to the 
data obtained m the case of the eight electrolysis cells and the lecovery 
experiments permits the conclusion that there is no reason to suspect that 
the method described for the determination of ladioiron does not give 
accurate lesults 


smoiARx 

A method foi the deteimmation of radioactive non in biological material 
mcluding carcass is described Dry ashmg is substituted for the more 
commonly employed wet ashmg technique, and isopropjd ether is used to 
purify ladiouon and to separate iron from substances that interfere vith 
electrodeposition 

The recovery of knovm amounts of radioiron added to samples of red 
blood cells, plasma, and fetal carcass is complete The precision of the 
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method is such that the values for recovery he within the limits imposed 
by statistical fluctuation in radioactive disintegration 

We are indebted to Dr Rowland V Rider and Di Charles P Wmsor of 
the School of Hygiene and Public Health, The Johns Hopkms Unnersity 
foi then assistance with the section of the papei describing the statistical 
variations 
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(From the Lankenau Hospital Research Institute and The Institute for Cancer 
Research, Philadelphia) 

(Received for publication, April 10, 1948) 

L-Cystathionine has been shown to be available to the rat m lieu of l- 
cystine, while L-allocystathionme was similarly available m lieu of me- 
tbonine in the presence of dietaiy cholme (1) Studies tn miro revealed 
the formation of cysteine and homocysteine from L-cystathiomne and 
L-allocystathionine respectively m the presence of rat liver slices (2) 
Other experimental findmgs place cystathionine m the position of a physio- 
logical mtermediate in the transformation of methionine to cysteine m the 
rat (3) and of cysteine to methionme m Neurospora (4) Thus, originally 
an artifact prepared by Kuster and Irion (5) by treatment of wool with 
NasS, cystathionine assumed a strategic position in sulfur metabolism 

Lanthiomne, another artifact prepared by Jones et al (6) by treatment 
of keratms with NaoCOj, is of physiological mterest, smee recent studies 
have shown that apparently the n isomer of nn-lanthionme stimulated the 
growth of rats on low casein diets (7), although the meso foim of lanthiomne 
was not available for the purpose (8) These data suggested the cleavage 
of li-lanthionme in mvo, and raised the question of the position of L-lan- 
thiomne in sulfur metabohsm 

We reported recently the synthesis of mixed isomers of cystathionme and 
of the next higher homologue of lanthiomne, S-bisCy-ammo-y-carboxypi o- 
pyl)sulfide, which we named homolanthiomne (9) Structural sirmlanty of 
homolanthiomne to cystathionme and to lanthionme suggested possible 
cleavage of the thio ether ammo acid to homocysteme and, perhaps, to 
homoserme %n vivo Although homolanthiomne is another artifact, m view 
of the biochemical history of cystathiomne and of lanthionme it appeared 
to be of mterest to mvestigate the availability of this compound to the rat 
for growth purposes Such a study is the object of this lepoi t 

BXPEHIAIENTAL 

The low casern diet employed m the first senes of axperiments had the 
following percentage composition Labco vitamm-free casein 8, com-starch 

* Aided by a grant from the Pardee Foundation 
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47 1, sucrose 15, inorganic salts (10) 4, Cusco 20, and cod liver oil 5 The 
B complex vitamins and the livei extract iieie added to this diet (referred 
to in Table II as Diet C-8) m the amounts indicated in Table I 
In the second series of experiments a diet was employed in which the sole 
souice of piotein nitrogen was supplied by a mixture of ammo acids, the 
composition of which is shown m Table I The amino acid mixture, mth 
some modifications, was essentially that of Rose and Womack (11) In 

Table I 

^witno Acid Mixture 

The Yitamins and the ammo acids were thoroughly ground together before the 
addition of the other ingredients of the diet indicated in the text 



sm 


£« 

Glycme 

0 1 

Hydroxyproline 

0 1 

Alanine* 

0 4 

Tryptophan 

0 4 

Serine* 

0 4 

Aspartic acid 

0 2 

Valme* 

2 0 

Glutamic “ 

2 0 

Leueme* 

2 6 

Lysine HCl 

1 9 

Isoleucine* 

1 8 

Argmine HCl 

0 6 

Threomne*] 

1 4 

Histidine HCl 

07 

Phenylalanine* 

1 0 

NaHCO, 

1 3 

Proline 

0 2 



Total 

17 1 


Vitamins per WO Gm of Complete Diet 


Thiamine HCl 

mg 

1 i 

Ca pantothenate 

Riboflavin 

2 i 

p-Ammobenzoio acid 

Pyridoxine HCl 

1 ; 

Inositol 

Folic acid 

1 1 

Lilly liver extract 

Nicotinamide 

1 j 



at 

5 

100 

100 

700 


* Racemic amino acids 


addition to the vitamins and the liver extract listed in Table I, the die 
consisted of the folloMung ingiedients amino acid mixture 17 1, dext^ 
30 0, sucrose 15, inorganic salts (10) 4, agar 2 0, Crisco 26 0, and cod I'O'’ 
oil 5 0 gm pel 100 gm of the diet 
The supplements were mixed wnth the expeiimental diet in the follow 
amounts (pei cent) choline hydiochloride 0 2, L-cjstine 0 4, 

0 2, inactive homocystine 0 44, inactive homolanthiouine 1 0 The e 
and water were fed ad hbitum and a record of food consumption w'as 
25 to 30 day-old albino male rats of the Wistar strain bom and rais 
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this 1 ibomtoii weic uhcd Tiic iimmals woie lioiised m individual metab- 
olism tigcs md weighed tw’ite a week 
-Ml the imino leids used wcic of established analytic puiity Homo- 
laiithionine was piepued by the lecently desciibed method (9) Neithei 
the thiol 1101 the disulfide gioup could be detected in the pieparation by the 
sodium-cyanide-nitiopiusside test We wash to e\press oui appreciation 
to Di ir R Snydei of the Unneisity of Illinois foi the geneious gift of 
3,6-bis03-ohloroethyl)-2,5-dilvctopiperazme, which enabled us to piepare a 
substantnl quantity of homolanthionine for feeding expeiiments 


Table II 

ivailabilttij of HomolaiUhtontnc to Rats for Growth on Low Casein Diet 


Group 

No* 

Initial 

weight 

Final 
weight , 

Gam per 
day 

Days 00 
(Let 

Food 
intake 
per day 

Supplements to Diet C-8 


Sm 

sm j 

sm 


sm 

per cent 

1 

50 

158 

1 9 ; 

54 

9 3 

1 0 homolanthionme 


168 

165 

1 0 

7 

9 1 

None 

2 

62 

132 

1 6 

43 

8 1 

0 2 choline -f 1 0 homolanthionine 


132 

138 

0 7 

9 

9 1 

0 2 “ 

3 

63 

137 

1 1 

64 

8 S 

0 2 “ 


137 

163 

1 9 

14 

9 0 

0 2 “ -f- 1 0 homolanthionme 


163 

166 

0 2 

14 

8 7 

0 2 " 

4 

87 

154 

3 2 

23 

10 2 

0 44 homocystme 


154 

149 

-0 6 

8 

8 7 

None 

5 

91 

139 

3 2 

15 

9 7 

0 2 choline -f 0 44 homocystme 


139 

150 

0 5 

19 

6 2 

0 2 “ 

G 

59 

204 

2 6 

55 

9 6 

0 4 cystine 

7 

76 

190 

2 0 

44 

8 5 

0 5 methiomne 

8 

54 

139 

1 1 

75 

8 0 

None 

9 

60 

126 

1 1 

72 

8 4 

0 2 choline 


* Seven litters of rats were used Groups 1, 2, and 3 each consisted of six rats, 
all others of three animals each The animals were kept in individual metabolism 
cages The data are average values for each group 


Results 

As IS apparent from the data presented in Table II, homolanthionine 
stimulated the giowth of rats when it was mcoiporated into the low casern 
diet This stimulation of growth by homolanthionme w'as somewhat less 
pronounced than that mduced by the admmistration of equivalent amounts 
of homocystme, L-cystine, oi oL-methionme (sulfur equivalents) With- 
drawal of homolanthionme from the diet was foUow'ed by immediate re- 
tardation of giowth Addition of chohne to the diet did not sigmficantly 
increase the rate of growth of rats which mgested homolanthionme 
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Since the low casern diet was ample m methionine and low in cystine, the 
stimulation of growth by homolanthionme could have been a lesult of the 
tiansfoimation of homolanthionme to either cystme or methionine, or both 
We therefore earned out additional studies on homolanthionme with diets 
which weie free eithei of cystme or methionine, m order to evaluate the 


Table III 

ivatlabtitt^ 0 / Homola7ilhiomne to Male Rais for Growth on Diets Free of Cystme But 

Adequate tii Methionine 


Rat No 

Initial 1 
Tieigfat 1 

1 

Final 
weight 1 

Gain per 
day 1 

Days on 
diet 

Food 
intake 
per day 

Supplements added to ammo acid muture 
diet 


Sm 

gm 

gm 


gm 

per cent 

64 

53 

41 


7 

3 6 

0 2 choline 


41 

1 

70 

0 9Sj 

30 1 

5 4 

1 

0 2 " 4- 0 2 methionine + 10 

homolanthionme 


70 

74 

0 3 

14 

5 0 

0 2 choline + 0 2 methionine 


74 

1 

84 

1 25 

8 

7 0 

02 ” +02 “ +10 
homolanthiomne 

65 

48 

' 40 

-1 1 

7 

2 3 

0 2 choline 


i 40 

45 

0 62 

8 

4 0 

0 2 “ + 0 2 methionine 


1 45 

I 

60 

0 90 

17 

4 6 

02 “ +02 “ +10 
homolanthiomne 


60 

60 

0 0 

12 

3 8 

0 2 choline + 02 methionine 


60 

79 

1 1 

16 

5 4 

02 “ +02 “ +10 
homolanthiomne 

66 

45 

38 

-1 0 

7 

2 6 

0 2 choline 


38 

63 

0 4 

56 

4 0 

0 3 “ + 0 2 methionine 

58 

73 

52 

BQ 

16 

3 0 

None 

i 

1 

52 

81 


23 

4 4 

1 0 2 methionine + 1 0 homolanthio 
nine 

1 

1 

81 

88 


24 

5 4 

0 2 methiomne 

59 

51 

36 


16 

2 7 

None 

1 

36 

57 


23 

3 9 

I 

0 2 methionine -h 1 0 homolanthio 
nine 


57 

60 


24 

4 0 

0 2 methiomne 


The data on each rat are representative of those obtained on three animals 


availability of homolanthiomne for growth m the absence of either of t e 
sulfur ammo acids m the diet 

Table III illustrates the data obtamed on feedmg homolanthionme to ra 
which were mamtamed on a diet which contamed 0 2 per cent of methionine, 
an amount of methiomne which, although insufficient to produce gro > 
was adequate to permit growth when sufficient cystme was ^■dded 
every case the addition of homolanthiomne to this diet was . tjj, 
stimulation of growth, although the rate of growdh was not optimal 
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of methionine (0 2 pei cent) All lats rapidlj' lost weight when homolan- 
thionme was inthdraivn from the diet which fuinished 0 4 per cent cystine 
and 0 2 pei cent choline 


DISCOSSIOV 

Since oui prepaiation of homolanthionme consisted of a mixtuie of dl- 
and meso forms (9), no appiaisal of the activity of the individual diaste- 
reoisomers of homolanthionme can be made on the basis ot the results 
presented here The results waiiant the conclusion, however, that our 
preparation of homolanthiomne contains one oi moie i^hysiologicaliy active 
Forms which aie available to the lat m sulfur metabolism The evaluation 
of the actmty of each of the isomeric foims of homolanthionme t/i wo 
and a study of the mechamsm of cleavage of homolanthionme by tissue 
slices would, perhaps, elucidate the chemistrj'^ which is involved in the 
physiological ai ailabilit}^ of homolanthionme to the i at This is at present 
in progress 

Whethei homolanthiomne is a normal physiological pi oduct (in view of 
its availability to the rat) is hj^iothetical It is uithin the lealm of posai 
bility, howeaei, that 2 molecules of methionine could gi\e use w wo to 
homolanthiomne wath the formation of methyl mercaptan, oi chmethj'l 
sulfide and hydiogen sulfide The latter pi oducts hav e been found in am 
mal tissues and excieta 

The data presented here cannot be easilj’’ explamed on the basis of the 
assumption that homolanthionme (as used by us) is cleaved in vno to 
yield homocysteine Veiy pooi giowth uaas obtained with homolanthionme 
on diets which furnished choline and cj^stine, whereas with homocystme 
mstead of homolanthiomne good growth was obtamed imder similar con 
ditions Yet, homolanthiomne stimulated the growth on diets containmg 
minimal amounts of methionme It is possible that one of the isomers o 
homolanthionme yields homocysteme in vivo, which in the piesence of cho 
Ime 13 converted to methionme, and thereby mci eases the amount of metluo^ 
nme available to the lat ingesting a diet containmg minimal amounts o 
methiomne Such a formation of homocysteine from one of the isomera 
of homolanthionme ivould have to be small, indeed, since in the prcacn^ 
of cholme and cystme, but no methionme m the diet, this amount of form 
methionme is msufficient to stmiulate the growth, although maintenance 
of weight IS seemed 

It would appeal that an alternate explanation of the activity of at ea 
one isomer of homolanthionme present m the mixtuie must be nia 
And this could be based op the assumption of cysteine formation r 
homolanthionme without the prelimmary cleavage of the tbio e 
homocysteme A w'orkmg hypothesis is proposed m the accorapan 
graphic form 
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COOH 
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COOH 

1 

CH— NH, 
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1 

CH— NH, 

1 

CH, 

1 

OH 

1 

CH, 

1 

CH 
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CH 

1 

1 

1 

CH— NH. 

-> HO— S— CH,— CH— COOH - 
1 1 

CH 

1 

I 

COOH 

CH, NH, 

1 

CH 
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CH, 

1 

CH— NH, 


1 

CH— NH, 

1 

I 

COOH 


1 

COOH 

Homolanthionino 

Serine 

Sulfomum base of homolanthiomne 


COOH 

1 


1 

CH— NH, 

1 

OH 

CH, 

1 

1 + 

CH, ^ 

CH, , 

1 

1 

CH, 

S 

1 

1 

CH— NH, 

CH, 

1 

CH— NH, 

1 

COOH 

1 

COOH 

Cystathionine 

Homosenno 


HS— CHj— CH— COOH 

NH. 

Cysteine 


+ 


OH— CHj— CH,— CH— COOH 
NH, 


Homosenne 


Accoidmg to this scheme it is assumed that homolanthioume and serme 
'vould give a hypothetical sulfomum base of homolanthiomne, which is 
analogous to that pioposed by Toenmes (12) foi methiomne and serme 
The sulfomum base of homolanthiomne would then cleave to homosenne 
and cystathionine The latter ^ould then yield cysteine and another 
molecule of homosenne This scheme uould tentatively evplam the ac- 
tivity of our piepaiation of homolanthionme, m that it suggests the forma- 
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of methionine (0 2 per cent) All lats rapidly lost weight when homolan 
thionme was withdraivn fiom the diet which furnished 0 4 per cent cystine 
and 0 2 per cent choline 


DISCUSSION' 

Smce oui preparation of homolanthionme consisted of a mL\tuie of dl- 
and meso forms (9), no appiaisal of the activity of the individual diaste- 
reoisomers of homolanthionme can be made on the basis of the results 
presented here The lesults waiiant the conclusion, however, that our 
preparation of horaolanthiomne contains one or more ^ihysiologically active 
foiTns which are available to the lat in sulfui metabolism The evaluation 
of the actmty of each of the isomeric foims of homolanthionme t/i vm 
and a study of the mechanism of cleavage of homolanthionme hy tissue 
slices would, perhaps, elucidate the chemistiy which is involved m the 
physiological aimilability of homolanthionme to the lat This is at present 
in progiess 

Whether homolanthiomne is a noimal phj'siological product (in view of 
its availability to the lat) is hypothetical It is nithm the realm of possi 
bility, however, that 2 molecules of methionine could gne use in vno to 
homolanthiomne with the formation of methyl mercaptan, oi dimethyl 
sulfide and hydrogen sulfide The latter pi oducts have been found m ani 
mal tissues and excieta 

The data presented here cannot be easily^ evplained on the basis of the 
assumption that homolanthiomne (as used by us) is clewed m vno to 
yield homocysteme Very poor growth ivas obtained with homolanthionme 
on diets which furnished choline and cystme, whereas with homocystme 
instead of homolanthionme good growth was obtained under similar con 
ditions Yet, homolanthionme stimulated the growth on diets containmg 
minimal amounts of methiomne It is possible that one of the isomers o 
homolanthionme yields homocysteme tn vivo, which in the presence of cho- 
Ime IS convei ted to methiomne, and thereby mci eases the amount of metluo 
nme available to the lat ingesting a diet containing mmimal am* 
methiomne Such a formation of homocysteine from one of (1 
of homolanthionme would have to be small, indeed, smce m th 
of cholme and cystme, but no methionme in the diet, this amoun 
methionme is msufficient to stimulate the gioivth, although r 
of weight IS secured 

It would appear that an alternate evplanat 
one isomer of homolanthionme present m 
And this could be based op the assumption ^ 
homolanthiomne without the prehmmary clear 
homocysteme A workmg hypothesis is proposal 
graphic form 
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There are two fundamental theories concernmg the fermentation of 
disaccharides One presupposes an “indirect” and the other a “direct” 
fermentation A theory proposed by Fischer (1-3) was that no compound 
sugar IS fermented directly as such, but that the compound sugar is cleaved 
by appropriate hydrolytic enzymes mto its monose constituents, the lat- 
ter actually being fermented as such Briefly stated this is the classical 
theory of the indirect fermentation of compound sugars 

Leiboivitz and Hestnn (4) stated that 

“Fischer’s e\planation, owing largely perhaps to the high authority of its author, 
was w idely accepted Essentially a speculative theory based on an attractive corre- 
lation, it assumed in the minds of both chemists and biologists the status of a proved 
fact Even though Fischer himself had not even attempted to subject his theory to 
crucial quantitative test, the theory went almost unchallenged for nearly a gener- 
ation Moreover, its scope was broadened and the belief became general that the 
Fischer mechanism described not only alcoholic fermentation of oligosaccharides by 
yeast, but also the fermentations of oligosaccharides by bacteria, and equally the 
glycolysis of compound sugars by tissues of the higher forms of life Laborde s [(5)] 
early criticism of the Fischer view in its application to sucrose metabolism in hetero- 
fermentative lactic acid bacteria was simply ignored 

Willstatter and Oppenbeiraer (6) observed that lactose-feri^ntmg 
yeasts may ferment lactose at a faster rate than they ferment the^onose 
constitutents of lactose, glucose, and galactose, either mdividuai^ or m 
mixtures in concentrations equivalent to those of lactose They fomd that 
the concentration of lactase in yeast extracts was insufficient to h^^drolyze 
lactose at a rate equivalent to the fermentation of lactose by the^mtact 
cells In some instances the lactase content of yeast extracts was nemigible 
or zeio Because technical difficulties make it impossible to coi^ct ex- 
periments on lactase vath the intact cell, certain objections eanjfee raised 
to a positive statement that dnect fermentation occurs T^^, the evi- 
dence for direct fermentation presented by Willstatter is sfiggestive and 
inferential, but not conclusive ^ 

Hestnn (7) demonstrated that lactose can be fermeotfed more rapidly 
than hexoses by using a yeast stram from Palestme Z^eben, and Myibac ' 

* Present address. National Institute of Health, Bethesda, Maryland 
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and Vasseui (8) obtained a similai lesult uith Sacchai omyces fragilis and 
Toi ula Cl cmoi is 

Ifluy^^ei and Custeis (9) noted that Blaslodendi ion tnlei medium fer 
mented lactose, but did not lespiie in it, iiheieas the oiganism both fei 
mented and lespned in glucose The lack of lespnation in lactose iiould 
indicate that glucose, on Aihich the cells do lespiie, was not foimed 
Wiight (10, 11) has suggested a diiect feimentation of lactose by Strep 
lococcus Ihei mophilus In the picsent authoi’s laboiatoiy, expenments 
with Sti eplocoLCus Ihci mophilus haxe lesulted in moie lapid feimentation 
of lactose than of glucose Feimentation of glucose was ahvays slow or 
slight and in one instance a feimentation of lactose w'as neaily complete 
befoie glucose wms fei mented at all 
Hoff-J0igensen ct al (12) have showm that one stiain lesembhng Lacto- 
bacillus bulgancus will giow in a medium containing glucose plus lactose 
but wull not grow m the same medium containing glucose only 

The evidence foi the diiect feimentation of maltose and ceitain other 
caibohydiates has been reviewed by Leibow'itz and Hestim (4) 

Expel rnients in this laboratory m which attempts have been made to 
isolate a lactase from extracts of lactose-feimentmg yeasts have }uelded 
disappomting results At diffeient times eithei no lactase w'as found or the 
quantity present w'as neghgible In the lattei case the presence of lactase 
W'as a transitory phenomenon These expei iments induced us to undertake 
the work reported heie 

The evidence for the direct feimentation of lactose, as presented by other 
workers, is peisuasive and is based piimaiily on the kmetics of the feimenta 
tion However, ceitam objections are difficult to mvahdate 

It IS the pin pose of this paper to piesent data showing the relative rates 
of fermentation by diverse types of lactose-fermenting yeasts, as well as to 
preseid^ew and moie definite proof of the direct ferpientation of lactose by 
lactose-1 ei-mentmg yeasts 

/ EXPERIMENTAL 

Methods 

The) organisms employed m this w ork were Toi ulopsis kefir 149, S^ 
cha‘ioi\ces lactis 131, Tonda laclosa 168, Zygosacchai omyces 
Toi ulops'iS^^haei ica 13, Sacchai omyces anamensis 145,^ type F 93,- Gai 
pseudoii opt^is 32, Mycolonila lactis 130, Saccharomyces fiagihs 15, au 
Tondopsis Cl vnoi is 2 

I This straiE^^i.'yved from the Lister Institute, is obviously 
nated According t^telhng-Dekker (13) Saccharoimjces anamensis shou 

maltose but not lactose x- f,,rment muhn 

= Type F appears to be a \ ariety of Saccharomyces fragihs unable to ler 
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According to Diddciib .ind Loddei (11), Mycoloi ula laclis is a lepiesenta- 
tivc of Camlida psotdoliopicalis and Tonda laclosa a stiain of Candida 
pi>tndoh opicah', vai laclosa These oiganisms aie as lepiesentatn e a 
gioiip of hcto'-e-fermeiiting yeasts and veast-like fungi as it uas possible to 
obtain 

Sti iins 145, ‘)3, 32, 130, 2, ind 13 weie incubated at 37° and stiains 131, 
119, 90, 13, and lOS it 30° These tenipeiatuies aic uithin the optimal 
langefoi bothgiowth ind fei mentation 

The souice cultuies used foi inoculating the e\peiimental feimentations 
yeie giown on igai slopes of the lollowing composition Bacto-tiyptone 
0 5 pel cent, Bacto-yeast extiact 0 3 pei cent, KH2PO4 0 2 pei cent, agai 
2 pel cent, and glucose 2 pei cent Except foi one type of expeiiment, 
which yill be described latei, the stock cultuies had been gimvn foi many 
transfers (five times veekly foi neaily a yeai) on the above medium con- 
tammg glucose as the sole caibohydiate Since many yeasts are capable 
of adapting themselves to the fei mentation of ceitam caibohydiates, 
particularly galactose, glucose iias chosen in oidei to avoid the complica- 
tions of adaptation The impoitance and significance of tins point vnll be 
discussed later 

The inocula foi the feimentations weie gio\in on agai slopes foi 48 horns 
The cells weie washed fiom the surface and suspended m sterile distilled 
water The suspension was shaken mechanically and uniform aliquots m 
iiny given experiment weie inoculated into the fermentation flasks which 
contained a medium of the followmg composition Bacto-tryptone 0 5 pei 
cent, Bacto-yeast extiact 0 3 per cent, KH2PO4 0 2 pei cent, 85 pei cent 
lactic acid 0 04 per cent, and the appropriate caibohychates 01 mnxtmes 
of carbohydrates at the desired concentrations The pH of this medium 
w'as approximately 5 1 and remained constant dining autoclaving The 
flasks weie of 125 ml capacity and contained 78 gm of the fermentation 
medium which had been dispensed by an automatic pipette The flasks 
were plugged wnth cotton and autoclaved no longer than 5 minutes at 15 
pounds steam piessuie in oidei to avoid decomposition of the sugais 

Glucose and galactose weie Pfanstiehl products with specific rotations 
of -f-52 5° and 4-80 5°, respectively The lactose was leciystallized fioin 
0 p lactose and treated wnth 1101 it A six times 4 he specific rotation of the 
lactose was -|-52 5° at eqiiihbiium These i allies weie obtamed inde- 
pendently by two analysts and aie in agreement with accepted values (15) 

The piogiess of the fermentations was followed by a direct deteimma- 
tion of the residual sugai by polar imetiic analj'^sis 3 times the normal 
w'eight of the sugar weie taken in each case and clarified with lead sub- 
acetate The normal w'eights were accepted as 32 248 gm for glucose, 
32 857 gm for lactose, and 21 429 gm for galactose All polanmetric 
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analyses were conducted at 20° Results of many analyses were usually 
withm 0 05 per cent of the Imown concentrations of the vaiious carbohy 
diates For the analyses of mixtures of glucose and galactose, the prunary 
fermentation with the lactose-feimenting yeast uas termmated by mo 
mentary autoclavmg After cooling, the flask uas reinoculated with 
Saccharojiiyces chevahent, Ameiican Type Culture Collection No 9804 
This yeast feiments glucose but not lactose or galactose, and it does not 
become adapted to the fermentation of galactose even after long penods of 
time Thus the residual galactose was determmed diiectly, and the 
residual glucose m a mixture of glucose and galactose was determined by 


Table I 

Fei mentation of Glucose, Galactose, and Lactose hy Representative 
Lactose-Fermenting Yeasts 


Organism 

Sugar fermented* 

Glucose 

Galactose 

Lactose 


per cent 

• 

per cent 

per cent 

T kefir 

0 42, 1 02, 1 22, 3 03 

0 20, 0 29, 0 81, 0 93 

0 42, 0 SO, 1 49, 1 S8 

S lactis 

0 88, 1 55, 3 38, 4 15 

0 99, 2 18, 4 08, 4 54 

0 84, 1 46 , 2 74, 3 26 

T lactosa 

0 70, 1 48, 2 92, 3 54 

0 63, 1 20, 2 67, 3 19 

0 70, 1 46, 2 61, 3 50 

Z lactis 

0 59, 1 05, 2 15, 2 53 

0 21, 0 47, 1 00, 1 50 

0 53, 0 91, 2 47, 2 57 

T sphaerica 

0 45, 1 02, 2 00, 2 74 

0 35, 0 43, 1 39, 2 57 

0 53, 0 87, 1 95, 2 o6 

S anamensis 

0 88, 1 66 , 3 27 , 4 09 

0 82, 1 59, 2 95, 3 73 

0 84, 1 36 , 3 20, 3 20 

Type F 

1 12, 2 00 , 3 27 , 4 09 

0 97, 1 78, 3 06, 3 43 

1 19, 2 31, 3 71, 3 70 

C pseudo- 

0 88, 1 44, 2 85, 3 27 

0 92, 1 73, 2 81, 3 19 

0 88, 1 50, 2 57, 3 29 

tropicalis 




M lactis 

0 59, 1 12, 2 15, 2 53 

0 67, 1 30, 2 01, 2 24 

0 90, 1 50, 2 55, 2 83 

S fragilis 

0 84, 1 44, 2 25 , 2 57 

0 85, 1 43 , 2 29 , 2 49 

1 08, 1 53, 2 61, 3 30 

T cremons 

0 96, 2 07, 4 01 

0 18, 1 56, 2 94 

0 01, 1 97, 4 18 


* The figures represent values for 18, 26, 42, and 50 hours, respectively, of elapsed 
fermentation time 


difference Appropriate uninoculated controls vere included so that the 
correct constants foi calculating percentages of sugar from the observed 
rotations could be determmed 


Results 

In Table I are summarized the results of experiments which show the rela- 
tive attenuation of the mdividual sugars, glucose, galactose, and lactose y 
eleven representative lactose-fermentmg yeasts The mitral concentration 
of each sugar was 5 per cent If the whole course of the fermentations ^ 
considered, the average rate of fermentation as determmed by the met 
of tangents is as great, or greater, for lactose as for glucose in the case 
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several organisms Ihe aveiage rates, expiessed as the percentage of 
sugar feimcnted per hour, m the case of glucose and lactose, respectively, 
vere 0 077 and 0 079 foi Toritla laclosa, 0 088 and 0 098 for type F, 0 065 
and 0 064 foi Candida pscudob opicaks, 0 052 and 0 057 for Mycotoiula 
lacks, 0 052 and 0 068 foi Sacchai omyces fiayihs, and 0 10 and 0 174 for 
Tondopsis crcmoi is Moreovei the maximal rates of a fermentation were 
greater for lactose than for glucose with all the above organisms and also 
vith Zygosaccharomyccs lacks and Sacchai omyces anamensts This must 
mean that lactose was being dissimilated moie rapidly than glucose, at 
least durmg one stage of the fermentations And this occuried even with 
organisms that could be considered glucose-adapted strams 

A strikmg result, as Table I shows, was the relative slowness with which 
galactose was fermented by most of the strains Only four of the eleven 
strains fermented galactose at average rates, throughout the entire fer- 
mentation, that were equal to or m excess of those for glucose Of these 
four strams only two, Saccharomyces lacks and S fiagihs, consistently 
fermented galactose as well as they fermented glucose, or better, at nearly 
all mtervals of the fermentations, and only one strain, S lacks, fermented 
galactose more readily than either glucose or lactose for the entire duration 
of the fermentations With this orgamsm the average rates for glucose, 
galactose, and lactose, respectively, weie 0 086, 0 099, 0 067 , the maximal 
rates were 0 114, 0 149, and 0 080 Thus, m only one of eleven instances 
can it be said that galactose was fermented fairly consistently at a rate 
greatly m excess of that of lactose 

One peculiar feature of the galactose fermentation is the occasional in- 
stance m Avhich galactose is fermented more slowly than either glucose or 
lactose duimg the gieatei part of the fermentation, until suddenly galactose 
begins to be fermented m an explosive-like manner (see the results with 
Tondopsis sphaenca. Table I) The rate of fermentation may change 
abruptly from a value of 0 047 to 0 147 for a relatively short period The 
author is not leferimg to changes from the lag oi induction period to the 
logarithmic phase of fermentation, but rather to abrupt changes of rate 
Avithin the logarithmic phase itself Obviously, such an abrupt change 
would affect the aveiage rate as well as the maximal rate of fermentation 
and make it appear from the figures that galactose is fermented better 
than it really is during most of the fermentation period 

The results shown m Table I do not describe the course of a complete 
fermentation in which all the initial sugar is finally fermented Fig 1, 
however, does depict the entire courses of the fermentations of glucose, 
galactose, and lactose by Tondopsis cremons Durmg the 14 to 26 hour 
interval, the slopes of the glucose and lactose curves were practically 
identical at a value of 0 142, and the slope of the galactose curve was only 
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0 104 In the 26 to 48 hour mter\'al the slope of the glucose curve was 
0 120, that of the lactose curv^e was 0 132, and the late for galactose ^\a3 
consideiably less at a value of 0 091 The glucose fermentation vas com 
plete at about 50 hours and the lactose fermentation at about 48 hour , 
but galactose v as not completely fermented even after 62 hours At tb 
tune 20 per cent of the mitial concentiation of galactose lemamed ua 
fermented This experiment was lepeated mth a stiam “adapted” to 
galactose through a senes of twenty-seven transfeis The lesults a ere 
substantially the same as above The slight differences noted w'eie within 
the hnuts of experimental vaiiation 



Fig 1 Fermentation of glucose, galactose, and lactose, individuallj, b} Toruhp 
MS cremons 2 


The expel mients aheady desciibed w ere conducted w ith media containH'S 
5 pel cent of caibohj'drate It is true that most of these strams, e\cep 
To)idopsis ciemous, aie affected adveisely by the accimruhtion 
products, paiticulaily ethanol Prelimmary expeiiments showed that 
pel cent of the sugai did not lesult in an inhibitoiy concentiation of e 
pioducts Since lactose hydrate should hydiolyze to yield 1 mole 
gluco«e and galactose, expeiiments weie peifoimed to compaie 
mentation of 3 pei cent lactose with equivalent mcxtuies of glucose 
galactose All the strains weie tested in such expeiiments The 
stram 93 showm m Table II aie repiesentatne to varying degieeo 
results obtained wuth all strams, except stiain 131, and the ^ 
strain 149 As Table II shows, lactose was feimented completel}'. 

0 66 per cent of sugar , oi 44 per cent of the mrtial concentration of g 
remamed imfeimented m the mixture The glucose m the imxture 
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feimeuted completely Although, as pointed out previously, galactose 
alone is feimented faiily well by a few stiams, this sugai is feimented 
poorly 111 the picseuce of glucose by all stiains e\cept stiam 131, piesumably 
oecause of a piefeiential glucose fei mentation 
Strain 131, unlike the other oiganisms, teimented galactose well, mdeed 
bo well that gilactose was feimeuted in piefeience to glucose in a mixture 
01 these sugais Ihc losults m Table III show that galactose was fer- 
mented completely within 50 hours, wheieas 0 81 per cent of glucose or 54 


T VBLb II 

Permcnlalion of Glucose, Lactose, and Equivalent Mixture of Glucose and 
Galactose by Type F 93 


Pcrnicntation time 

Sugar fermented 

Glucose 

Lactose 

1 Glucose galactose 

hrs 

per cent 

Per cent 

per cent 

per cent 

19 

1 19 

1 10 

0 76 

0 27 

27 

1 89 

1 98 

1 50 

0 52 

•13 

3 00 1 

3 00 


' 0 84 

50 

1 


1 

1 23 

C7 

1 


1 

1 31 


s 


Table III 

Fermentation of Glucose, Lactose, and Equivalent Mixture of Glucose and 
Galactose by Saccharomyces laclis 131 


Fermentation tunc 

Sugar fermented 



Glucose 

Lactose 

1 Glucose galactose 

hrs 

1 per cent 

Percent 

per cent 

1 per cent 

19 

1 19 

0 so 

1 0 61 

0 27 

50 

2 22 

2 52 

0 69 

1 1 50 

67 

2 89 

2 63 

0 72 

1 50 


pei cent of the initial concentiation lemamed unfeimented Oiigmally 
it was thought that, since this exceptional stiam feiments galactose alone 
at a rate supeiioi to that of glucose alone, a lactase enzyme might be 
operative m the fei mentation of lactose Howevei, the lesults do not con^ 
film this expectancy because lactose was feimented significantly faster 
throughout most of the feimentation peiiod than an equu^alent mexture of 
glucose and galactose 

Results With Toiidopsis kefn 149 w'eie the most mteiestmg and definite 
the ability of this stiam to feiment glucose, galactose, lactose, and equiva- 
ent mixtures of glucose and galactose was tested m lepeated experiments 
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The results foi a. glucose-adapted strain are shown in Table IV Here it 
IS seen that the fermentation of glucose m the 3 per cent control sample 
was complete ivithin 43 hours and the fermentation of 3 per cent lactose 
mthm 67 hours The glucose m a mi\ture of glucose and galactose nas 
completely feimented withm 43 hours The galactose (1 5 per cent) tn ths 
mixture was not fermented at all 

The results ]ust described for Toiulopsis kefu 149 were obtained with a 
glucose-adapted strain It is impoitant to know (1) whether this organism 
can be adapted to feiment galactose, and (2) -whether the galactose-adapted 
stram behaves sunilaily to the glucose-adapted stram Accordmgly, the 
glucose-adapted stram -was passed through media containing glucose, 
galactose, and lactose, each singly, by means of massive inocula thiough 
tiventy-seven tiansfeis These adapted stiams weie then tested m the 
individual sugars and m a mi-s.ture of glucose and galactose equivalent to 


Table IV 

Fermentahon of Glucose, Lactose, and Equivalent Mixture of Glucose and 
Galactose by Torulopsis kefir 1^9 


FermentaUon tune 


Sugar fermented 


Glucose 

Lactose 

1 Glucose-galactose 

hrs 

per cent 

per cent 

per cent 

per cent 

19 

0 52 

0 15 

0 35 

0 

27 

1 93 

1 13 

1 43 

0 

43 

1 3 00 

1 57 

1 50 

0 

50 


2 08 



67 ] 

i 

3 00 





the concentiation of lactose These results aie shown m Table V 
fermentation of 3 per cent glucose was complete m the cases of all the adap 
ted strains Galictose, itself, at an imtial concentration of 3 pei cent was 
fermented slightly (only 14 33 per cent of the imtial concentration) w'lt m 
48 hours by the glucose-adapted stram Galactose at m mitial concentra 
tion of 1 5 per cent -was not fermented ivithm 31 hours and only 4 
cent of the initial concentration ivas feimented ivithin 48 houis 
difference in the shght feimentation of galactose, dependent on the im 
concentration, was sometimes encounteied Theie is no apparent e 
planation for this But again the glucose-adapted stiaiii feimeute 
tose mdividually, but not galactose ma imxtme of glucose and galac > 
through a period of at least 48 hours 

The galactose-adapted stram fermented galactose and adaptation 
place Despite the fact that galactose -was now bemg j^ours, 

galactose-adapted stram, lactose was completely fermented ivithin 
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uhilc 0 20 per cent of galactose (or 13 33 pei cent of the initial concentra- 
tion) le^nained unfcimented in a mixture of glucose and galactose at the 
end of TUiouis Furthemioie, lactose was feimented at a faster aveiage 
rate (0 070) than was the case with equivalent mixtuies of glucose and 
galactose (0 051) Near the end of the feimentation when lactose was 
fermented completely, the late foi lactose during a 2 houi peiiod was 
0 090, while the rate foi glucose-galactose during this same inteival and an 
additional period of 14 hours (at the end of which theie lemained 0 20 per 
cent of residual sugar) w’ is only 0 019 

Tvbll V 


Fcrnienlaiton of Olucohc, Galactose, and Lactose by Adapted Strat 7 is of 
Tot ulopsis kefir 149 


Substrate 


Sugar fermented* 



Glucose stram 

Galactose stram 

Lactose stram 

Glucose 

(3%) 

per cent 

per cent 

ptr cent 

0 76, 1 92, 3 00 

0 39, 1 36, 2 55, 

3 00 

0 69, 1 70, 2 96, 

3 00 

Galactose 

0 07, 0 18, 0 43, 

0 16, 0 57, 1 48, 

0 25, 0 75, 1 80, 

(3%) 

0 66, 0 80 

2 14, 2 59 

2 36, 2 82 

Lactose 

0 43, 0 98, 1 66, 

0 40, 1 19, 2 24, 

0 47, 1 27, 2 35, 

(3%) 

2 35, 2 71 

2 82, 3 00 

3 00 

Glucose 
(1 5%). 

1 18, 1 50, 1 SO 

0 48, 1 05, 1 80, 

2 50, 2 80 

1 0 48, 1 25, 2 02, 

2 75, 3 00 

galactose 
(1 5%) 


Glucose 

1 18, 1 50 

0 39, 1 32, 1 50 

0 71, 1 50 

(1 5%) 


Galactose 

0, 0, 0 07, 0 22, 

0 10, 0 55, 1 25, 

0 22, 0 67, 1 00, 

(1 5%) 

0 27 

1 50 

1 50 


* The figures represent values for 23, 31, 48, 55, and 71 hours, respectively, of 
elapsed fermentation time 


The lactose-adapted stram, as w'as to be expected, fermented lactose at a 
faster rate than either of the othei two adapted strains The fermentation 
of lactose was complete wnthin 55 hours At this tune 0 25 pei cent of 
sugar remamed unfermented m the glucose-galactose mixture But the 
stnking fact w^as not that the lactose-adapted stram fermented lactose 
faster than a mixture of glucose and galactose, but rather that a lactose- 
adapted stram should, m the absence of any contact wnth galactose, simul- 
taneously adapt to galactose, for the lactose-adapted stram fermented 
completely 1 5 per cent of galactose and also 3 0 per cent of galactose more 
rapidly m each case than did the galactose-adapted stram itself This is a 
puzzhng result for which the author has no ready explanation 



422 


LACTO&L FEBAECNTV'IION IT: VST 


DISCUSSION 

All of the organisms studied fennented lactose at a fastei late than that 
at which they fermented a mixtuie of glucose and galactose In addition, 
however, it must be remembeied that one glucose-adapted stiain fennented 
lactose completely but did not ferment galactose m a mixture of glucose 
and galactose It is difficult on the basis of this direct lesult to aigue that a 
prehmmary hydrolysis of lactose m a fei mentation is necessaiy 
The reason that lactose is feimented fastei than a mixture of glucose and 
galactose lies m the fact that galactose, itself, nonnally is fennented mth 
relative difficulty On the basis of piesent knowledge it is only possible 
to speculate as to the reason foi the slovsTiess of the galactose fermentation 
The importance of phosphorus m carbohydrate metabohsm is now well 
established If prelunmary hydrolysis of lactose m a fermentation does 


LACTOSE t ADENOSINE-TRIPHOSPHATE LACTOSE-PHOSPHATE 

+AOENOSINE-DIPHOSPHATE 

ENZYME 


PYRUVIC ACID 


ENZYMES 


LACTOSE-PHOSPHATE 


ENZYME 


GLYCOGEN+HjPO^ 


not occur, then it is necessary to postulate a reaction analogous to that o 
Price, Con, and Colowick (16) This is shown m the accompanying 
scheme 

The reaction scheme may not be exactly as shown, but it is not unreason 
able to assume the fonnation of phosphonc esters with disacchaiides 
Doudoioff et al (17) have already demonstiated the phosphorolysis o 
sucrose and related compounds in fennentation by Pseudomonas sac 
charophila . 

The existence of galactose-l-phosphate has been demonstrated 7 
Kosteilitz (18) The author cannot explain the simultaneous adaptation 
of a lactose-adapted strain to galactose The possibility of the existence 
a lactose-phosphate ester has not yet been mvestigated Until these g V 
in oui knowledge aie budged, it is not possible to aigue with 
concerning the mechanism of lactose fei mentation Considerable 
remains to be done 


SUSIMARX g 

The lactose-femienting yeasts adapted to glucose, galactose, or lac 
fennented lactose faster than they fennented an eqmvalent mix 



M aOGOSA 


423 


glucose and galactose Xoimally this is because of a i datively weak 
galactose fei mentation 

One lactose-adapted stiain, m the absence of any contact with galactose, 
simultaneously became adapted to the fermentation of galactose 
One glucose-adapted stiain feimented lactose completely, while it did 
not ferment galactose m a mixtuie of glucose and galactose 
Enzymatic hydiolj^sis of lactose is unnecessaiy foi the fermentation of 
lactose Feimentatiou may be “direct” by means of phosphorolysis and 
phosphorylation 

■The sigmficance of these leaults in relation to modern schemes of carbo- 
hydrate metabolism is discussed 
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CARBONIC ANHYDIL'VSE IN THE CENTRAL NERVOUS 
SYSTEM OF THE DEVELOPING FETUS* 


By WINIFRED ASHBY and ELLEN BUTLER 
(From the Blackburn Lahoralonj, Sainl Elizabeths Hospital, Washington) 


(Received for publication, April 24, 1948) 


Well defined patterns of quantitative distribution of carbonic anhydrase 
have been reported in the central nei-vous system of man and of animal^ 
(1, 2) Two reports have been made on deviations from the normal pattern 
of distribution m man mcident to mental disease (3, 4) As part of an effort 
to elucidate the significance of this enzyme m the central nervous system, a 
study of its fetal distribution was undertaken 


Studies by various workers have been reported on oxygen uptake and on 
increase in mdividual enzymes with maturation of the central nervous 
system These were made both upon the young of animals immature at 
bnth and upon fetuses of species comparatively mature when born 
Measurements of O 2 uptake by the central nervous system m puppies 
from birth to 7 weeks of age, made by Himwich and Fazekas (5), show an 
mcrease m metabolic rate proceeding from the medulla to the caudate 
nucleus and approaching the pattern of the adult m which the respiratory 
metabohsm is found to be higher m the newer phylogenic layers than m the 
older Adult oxygen consumption was not attained Similar findings are 
reported by Tyler and van Harreveld for the lat (6) 

Studies on the distribution of the enzymes choline esteiase, cyto- 
chrome oxidase, succmic dehydrogenase, and succmic oxidase show a similar 
rostral movement m attainment of maximum content In the human fetus 
obtained by hysterotomies and hysterectomies Youngstrom (7) reports a 
rapid mcrease m choline esterase content of the cord, medulla, and mid- 
bram from the 56th to the 121st day of fetal age In the basal ganglia 
and cerebrum there was a slight mcrease up to 4 months, when a precipitous 
increase occurred A similar study was made by Nachmansohn (8) m 
fetal goats Flexner, Flexner, and Straus (9, 10) studied the mcreases, m 
the cerebral cortex only, of cytochrome oxidase, succmic dehydrogenase, 
and succmic oxidase ivith growth of the fetal pig Between the 60th day and 
birth at 1 14 days there wei e two mcreases m these enzymes i\ hich correlated 
'vith morphologic changes m the cortical tissue 
Studies by Meldrum and Roughton (11) on the development of carbomc 
anhydrase m the blood of fetal goats and those of Stevenson (12) on the 


*This work was supported by funds contributed by the Supreme Council, 33° 
Scottish Rite Masons of the Northern Jurisdiction , Umted States of America 
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blood of piematiue infants mditate a late appeaiance of any consideiable 
quantity of that enzyme 


LXPLHIMLNTAL 

Technique — In this study caibonic anhydiase yas deteimined by the 
coloiometiic method and collection was made foi the enzyme contamed in 
^he led blood cells lemaming m the tissue as pieviously lepoited (13) 
’Seven fetal calves weie obtained incident to the slaughtei of the hospital 
held of cows foi beef, theie was no delay in obtaining specimens A calf 
was saciificed immediately aftei bnth foi this study The fetal ages were 
obtained fiom the bleeding lecoids, evcept those of Fetuses II and V foi 
which an estimate of xge w as made on the basis of development 


T vni L 1 

Inciease of Cat borne liiliijdrasc in Blood of Fetus (flattie) 


Age j 

Packed corpuscles | 

Age 

Packed corpuscles 

days [ 

mills per ce 

da\s 

units per ce 

96 

100 

244 

615 

113 

i 222 i 

257 

678 

206 ; 

' 244 

267 

526 

2‘11 

' 688 { 

275 

597 

241 

519 

At birth 

640 

243 

025 

Vdult 

700 


Gestation period, 275 to 2St divs 


Specimens fiom the cential neivous system of the infants weie obtained 
fiom the Gallingei Municipal Hospital Five of these infants weie born 
piematuiely and weie undei weight, but w'eie liee ot evidence of disease 
A full teim child which weighed 8 pounds was boin alive, but did not 
suiwive Autopsies weie perfoimed wuthin 48 houis aftei death, the bodies 
weie in the meantime appiopnately stoied with lespect to tempeiatuie 
Results with Fetal Cattle — -Incident to the deteimmation of the collection 
to be'made foi caibomc anhydiase in the led blood cells of the tissue, the 
enzyme content of packed coipuscles w as deteimined It w'as found that m 
the blood of the youngest fetus studied, aged 96 days, theie was a con- 
sideiable amount of the enzyme piesent This inci eased to the 8th mon L 

aftei which it lemained at appioximately the same level until bath Fata 
on ten fetuses ot laiowm ages aie given in Table I 

Caibomc anhydiase contents of vaiious aieas fiom the cential neivous 
system of five fetuses langmg m age from 96 to appioxunately 240 days are 
charted in Fig 1 No caibomc anhydiase w'as demonstrable in the ceie 
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brum of any of thcbc aniraalb aftei that picsent m the blood of the tissue 
was accounted foi In a simple consistmg of a muxtuie of cerebellum and 
brain stem of Fetus I, aged Ob days, a slight tissue enzyme content may have 



Pig 1 Rostral progression of distribution of carbonic anhydrase in the central 
nervous system of the cattle fetus from the 96th daj of gestation to an estimated S 
months Fetus I, length 7? inches, weight J pound, Fetus II, 18 inches, pounds, 
Fetus III, 21 inches, 131 pounds, Fetus IV, 29 inches, 31 pounds, Fetus V, 33 inches, 
34 pounds Units of carbonic anhydrase per gm of wet tissue are plotted as the 
ordinates M = medulla, P = pons Cb = cerebellum, Cl = colliculi, T = 
thalamus. Cm = cerebrum 

been piesent, the coid could not be obtained In Fetus II the enzyme Mas 
definitely present m the coid, in the combined pons and medulla, and in the 
ceiebellum, although the amount was so slight that differences could not be 
estimated The coid of Fetus III, aged 113 days , contained an amount of 
enzyme appioachmg that found in the adult, the amount in the combined 
medulla and pons w'as mcreased, but that of the cerebellum and colliculi 
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was still low In Fetus IV, 206 days old, the content of the cerebellum had 
surpassed that of the medulla and pons and had attamed the prominence 
seen in the adult, there were considerable inci eases m the colliculi and 
thalamus Fetus V, appioximately 240 days old, showed about the same 
amount in the coid as did Fetus IV, and a further increase in more rostral 



Fig 2 Similarities in the pattern of distribution of carbonic anhydraae m the 
central nervous system of the developing cattle fetus from the 206th day of gestation 
to term Where a comparable area is omitted a broken line is used CN = nucleus 
caudatus, other letters as in the legend to Fig 1 

Two additional fetuses weie subsequently ob tamed which were nearer to 
their full growdh One of these was 267 days old and the other 275 days 
The gestation period is 275 to 286 days In these fetuses carbonic an 
hydrase was found m the cerebrum, m the 267 day-old fetus the amoun 
was 3 7 units per gm and m the 275 day-old fetus it w'os 6 7 units 
as against 8 units for the new^-bom Except for this appearance of 
anhydrase m the fetal cerebrum shortly before term, the four older f e u = 


W \SHBT AND E BUTLER 


429 


studied, begiimmg with that aged 206 days, show a remarkably constant 
pattern of quantitative distribution, which is like that of the new-born 
The data illustrating tlus consistency of pattern are charted m Fig 2 
At the tmie of birth the adult pattern was estabhshed, although at a 
lower level In Fig 3 the data obtamed from the study of Fetus V, of the 



Fiq 3 ApproMmation to the adult pattern of distribution of carbonic anhydrase 
in the central nervous system in the 8 month cattle fetus, a new-born calf, and a calf 
a few days old as compared with an IS month-old steer and a 3 year-old cow Letters 
as in Fig 2 

calf which was sacrificed immediately after birth, and of a calf which died of 
an infection soon after bnth are compared with data from a steer and a cow 
It IS seen that when the enzyme content of the same areas was measured 
the relationships between them were very generally the same wathm the 
error of the technique The outstandmg exception is that of the relation- 
ship between the thalamus and the cerebrum m the new -born and the steer 





T\BLr II 

Data on Human Infants 


Fetus No 

Weight j 

Menstrual 

age 

Carbonic 

anbydrase 



mos 

untis per ce 
red blood cells 

I 


6 

<30 

II 



<30 

III 

2 lbs , 2 oz 

6 

<30 

IV 

2 " 13 “ 

7* 

<30 

V 

2 “ 3 “ j 

8* 

<30 

VI 

8 ■' 

9 

145 

Adult 



1 600 


Notes 


Separation of placenta 
Still-born 

Lived 5 hrs , lungs atelectatic 
Breathed, died 
Difficult labor 
Died at birth 


* History of full term, but the ages given were estimated by the neurologist on the 
basis of the development of the brain 



Fig 4 Delayed approach to the human adult pattern of carbomc 
distnbution in the central nervous system of Fetuses I to VI Letters as m 

and 2 
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III the ucw-boiu the th il unus luul j,ttdiiiecl the enzyme level found m the 
steel, wheieas the lag in development of caibomc anhydiase content in the 
cerebium of the new -bom lesulted m a icAeisal of the lelationship seen m 
the oldei animal 

Datafwm Human Iiifanls — Clinical data toncemmg the mfants studied 
aie given in Table II In Fig 4 aie chaited the caibomc anhydrase findmgs 
foi 111 e piematuic infants and foi the one bom at 9 months In contiast to 
the preLcduig hndmgs in tattle, the pattern of distnbiition at birth does not 
paiallel that of the adult, but tends to stand in leveise oidei, the phylo- 
genetically oldei legions of the tential nei-vous system havmg the higher 
content No caibomc anhydiase was found m the ceiebnim In the pre- 
matuie mfants the spinal coid has the maximum content, approachmg that 
found in the adult, but the moie lostial aieas show^ed little development of 
the enzyme In the 8 pound infant of 9 months the content of the medulla 
had developed to adult piopoitions, but that of the pons had defimtely 
lagged In the human adult the content of the pons has always been 
found to be highei than that of the medulla In this infant the con- 
tents of the cerebellum and caudate nucleus weie stiU further from adult 
proportions 


DISCUSSION 

Unlike studies of othei enzyme mcreases m the cential nervous system of 
the fetus, the study of caibomc anhydrase shows a complete absence of the 
enzyme fiom the pallium until shortly befoie biith, although as with other 
enzymes repoited, a progressive rostral increase, emerging towards the 
adult pattern of distribution, is indicated 
With the exception of an absence of this enzyme from the pallium, the 
fetal calf at 206 days show^ed a distribution closely parallehng the pattern 
found m the central nervous system of adult cattle There was evidence of 
a caudal-rostral approach to this pattern m the 113 day fetus Although 
more than half of the adult cerebral content was found m the calf at birth, 
the fetus taken 1 to 8 days before birth, dependmg upon what its gestation 
period would have been, showed a content of 83 per cent of that of the 
new-boin and the ceiebrnm of a fetus 12 days younger contamed 50 per 
cent This would suggest a steep mciease of the enzyme withm the last 
month of gestation, with a preceding absence from the cerebrum comcident 
WTth a fairly high level m the fetal blood 
Similarly the human fetus showed a rostral mciease in caibomc an- 
hydiase rvith development However, even rvith a content in the cord 
approaching that of the adult level, httle oi none was found m the higher 
centers of the premature infant and, m contiast to the new -bom calf, no 
enzyme was found m the palhum of the full temi mfant, although it was 
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present m the cerebellum and caudate nucleus Whether this absence of 
carbonic anhydrase from the cerebrum at birth is normal for the human 
new-born, bemg associated i\uth its gi eater immaturity, or is a symptom of 
a lowered physiologic efficiency which resulted in the failure of this child 
to survive birth, remams to be deteimmed But in either event, because 
of its late appearance m the cerebi um, carbonic anhydrase would seem to 
fall m a different category from that of the other enzymes so far studied m 
the fetal brain 


smniARY 

Study of the distribution of carbonic anhydrase m the central nervous 
system with development of the normal fetus of cattle has mdicated the 
following (1) a progressive caudal to rostral increase m the enzyme 
approaching the adult pattern, (2) in contrast to other enzymes studied m 
the fetal central nervous system an absence of the enzyme from the cere 
brum until late m fetal development, (3) fiom the 7th month to birth, 
except for its absence m the palhum, a clean cut repetition of the pattern 
of relative content of the enzyme with an approach in magnitude to the 
level found in the adult An early appearance of the enzyme was 
found m the blood of fetal cattle, in contrast to the findmg of Meldrum 
and Roughton for fetal goats 

In the human premature and full term infants the data mdicate the 
following (1) a caudal to rostral mcrease m the enzyme ivith mcrease m 
menstrual age, (2) a less complete approach to the adult pattern of distn 
bution m the full term infant than in the 6 month cattle fetus, (3) no car 
borne anhydrase in the cerebrum at birth 

The possibility that the absence of carbonic anhydiase from the cerebrum 
of the full term human infant may be abnormal is considered 
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UTILIZATION BY THE RAT OF 3-HYDROXYANTHRANILIC 
ACID AS A SUBSTITUTE FOR NICOTINAMIDE* 

HERSCHEL K MITCHELL, JOSEPH F NYC, and RAY D OWEN 

(F row the Kcrckhoff Laboratories of Biology, California Institute of Technology, 

Pasadena) 

(Received for publication. May 8, 1948) 

Experiments by a number of workeis have established the fact that 
addition of tryptophan to the diet results m increased synthesis of mco- 
tmic acid by a number of mammals (1-7) 

As suggested by Rosen, Huff, and Perlzweig (2), the facts mdicate that 
tryptophan is a natural precuisoi of nicotimc acid Recently a senes of 
papers from this laboratory (8-10) has presented evidence that the mold 
Neurospora is able to convert tryptophan to nicotinic acid, and that kynu- 
remne and 3-hydroxyanthranilic acid are mtermediates m the conversion 
Although kynurenme is a well known metabolic pioduct of tryptophan m 
animals, 3-hydioxyanthranilic acid was not known chemically or biochem- 
ically prior to its recent synthesis (9, 10) The natural occurrence of 
3-hydroxyanthranilic acid was mdicated by its presence as a tiimethyl 
derivative (damascenine) in the seeds of Ntgella Moie recently it has 
been shown by Bonner (11) to be identical ivith a precursor of nicotmic 
acid that is accumulated by a mutant of Neurospora 
The present work is concerned ivith the question of whether or not 
3-hydroxyanthranilic acid ivill replace nicotmamide for the rat, as it does 
for Neurospora A prelimmary report by Bonner (11) has indicated that 
the compound does not replace nicotinamide or tryptophan foi rat gi owth 
However, in view of the instability of the substance it seemed likely to the 
authors that the requirement by rats might be rather high due to loss 
through oxidation and possibly methylation in the animals Consequently, 
in the experiments to be described, 3 -hydroxyanthranilic aciu has been fed 
at a moderate and at a high level aa compared to the amount of nicotm- 
anude given 


EXPERIMENTAL 

Basal Diet— The basal diet used in these experunents is very similar to 
Diet 1, Group 5, as described by ICrehl el al (4) The composition of the 
diet IS given m Table I 

Experimental Procedure — Five litters (thirty-six rats) were obtained from 

• This work VI as supported by grants from the Williams-Waterman Fund for the 
Combat of Dietary Diseases and from the Rockefeller Foundation 
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a cross of two inbred strains One of these, an agouti lush, line, 15 from 
stocks piovided m 1946 by Di W F Dunning (Wayne University) The 
othei IS an albino line designated “M I ” by Dr A B Chapman (Univer- 


Tabll I 
Basal Diet 


Corn-meal (Albers, white) 

4 kg 

Casein (Casein Company of Amenta, vitanim-lree) 

1 5 “ 

Sucrose 

7 8 ‘ 

Corn oil 

7 8“ 

Cystine 

15 gm 

Choline chloride 

1 “ 

Thiamine ‘ ‘ 

20 mg 

Riboflavin 

30 “ 

Pyridoxine hydrochloride 

25 “ 

Calcium pantothenate 

200 “ 

Inositol 

1 gm 

Biotin 

0 2 mg 

Folic acid 

5 “ 

Vitamin K 

100 “ 

Salt mi\ture* 

400 gm 

Vitamins A, D, Ef 

2 drops per rat 

1 

per wk 


* Phillips, P H , and Hart, E B , y Biol Chem , 109, 657 (1935) 
t A mi\turp of 200 drops of com oil, 100 drops of halibut liver oil, and 100 mg of 
a-tocopheiol 


T\BLb II 


Weights of Rats at Beginning and End of Experiment 


Group No 

No of rata 

1 Initial weight 

Final 

v\ eight 

Range 

Average 

Range 

Average 



' gw 

«w 

fW 

iff* 

I 

s 

29-41) 

10 

1 39 - 79 

58 

II 

6 

33-50 

42 

C3- 91 

85 

III 


27-50 

37 

57-105 

73 

IV 

i 6 1 

: 25-48 

37 

43- 79 

56 


1 ® 1 

I 42-47 

44 1 

67-107 

01 


sity of Wisconsin) fiom whom the stock was obtained in 194G Hybncfe 
of this t 3 T)e piesumably combme a high degiee of genetic imifoiinity iw 
a consideiable amount of vigoi The basal diet was supphed to mothei's 
and litteis when the yoimg weie 2 weeks old At 21 days the young ra & 
veie placed m small cages m pairs ot males 01 females After 3 more ay^ 
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on the basal latiou, the animals weic placed m the followmg five gioups 
Group I, basal diet, foui males, si\ females, Gioup II, basal diet plus 2 mg 
of nicotmanudc pei 100 gm of lation, two males, foui females, Gioup III, 
basal diet plus 100 mg of tiyptophan pei 100 gm of ration, foui males, 
ti\o females. Group IV, basal diet plus 10 mg of S-hydiovyanthranilic acid 
per 100 gm of ration, four males, four females, Group V, basal diet plus 



100 mg of 3-hydro\yanthranilic acid pei 100 gm of lation, four males, t\i o 

In all cases food and watei v ei e given ad I ibiium, fi esh daily Although 
no special precautions were taken to prevent coprop lagy, cages, ee ers, 
and water bottles were cleaned frequently The animals vere raised m a 
constant tempeiatiire room at 25° 

Growlh Results— A. general summary of the weights oj rats m the vanous 
groups is given m Table II It should be noted that all of the rats of the 
five fitters were used Except for pairmg with respect to sex, rats were 
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placed in the gioups at random with no attempt at equahzmg the groups 
inth respect to weights at the beginning of the e\periment No sigmficant 
lelationship was noted between initial weight or sex of an individual animal 
and the total weight gam during the period of the expeiiment 

Data on the aveiage total gam of the gioups of rats during the course of 
the expeiiment aie given m Fig 1 

In addition to the experiment on dietary S-hydioxyanthranilic acid, four 
animals w ere given the compound by subcutaneous injections 9 days after 
the feeding experiment was begun, two lats were taken from Group I and 
two fiom Gioup IV These animals w^ere then kept on the basal ration 



Fig 2 Average gam in weight by rats following subcutaneous injections of 3 
hydro\yanthranilic acid The dotted lines represent the average increase in weight 
in the groups from w hich the pairs of rats w ere taken 

10 mg of the compound suspended m 0 5 ml of salme w'ere given per rat at 
9, 12, and 16 days Growth performance of these animals is summanzed 
in Fig 2 


DISCUSSION 

It seems clear from the data presented that S-hydroxyanthianilic acid 
wall replace mcotmamide m the diet of rats The requirement is eviden y 
somewhat less than that for tryptophan but considerably more than 
for mcotmamide Hydroxyanthramlic acid is rather unstable toiiard 
dation m the pH range above 6, and, m addition, methylation is 
expected m biological systems In view of these considerations the re a^ 
tively high requirement for the compound as compared to nicotinanu 
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not burpribing It ib worthy of note that 3-metho\yanthianihc acid is big- 
nificantly inhibitory to the conveision of tryptophan to nicotuiic acid by 
\ eurospora (unpublished) A similar effect may exist in animals if this 
compound is a metabolic pioduct of 3-hydioxyanthranilic acid 

The data on the growth effect of subcutaneously injected 3-hydro\y- 
anthranilic acid aie too limited to be more than suggestive It is worthy 
of note that the injected animals received very nearly the same quantity of 
the compound as the animals of Group IV did m the diet during the same 
period of time (121 days) In spite of this fact the injected animals in- 
creased in total giowth, while the growth of Group IV was slightly inferior 
to that of the controls (Fig 2) Although more extensive information 
along this line might contiibute toward answering the question of whether 
intestinal flora or animal tissues are responsible foi the growth effect of 
3-hydro\yanthianihc acid, it is doubtful that growth experiments can settle 
the question 

It has been shovm that Neurospora is able to convert tryptophan, kjmu- 
renme, and 3-hydroxyanthranilic acid to nicotmic acid (8, 9) The fact 
that the rat utilizes 3-hydroxyanthranilic acid as a substitute foi nicotin- 
amide suggests that in this animal the conversion of tryptophan to nico- 
tinamide follows a pathway similar to that in Neurospora 


SUMMARY 

1 Data are presented to show that 3-hydroxyanthranihc acid can be 
substituted for nicotmamide or tryptophan m promotmg grmvth of rats 

2 The requirement for 3-hydroxyanthranilic acid is considerably higher 
than that for nicotmamide when the compounds are given by mouth A 
limited amount of data indicates a lower requirement when the compound is 

mjected subcutaneously , ^ ^ j 

3 Results indicate that the mechanism of biosynthesis of nicotmamide 

in the rat is similar to that m the mold Neurospora 


The authors msh to express then appreciation to Mr G L Mei chant of 
Merck and Company for assistance m obtammg some of the constituents 
of the basal diet The corn-meal was furnished by the Albers Milling 
Company, Oakland, California 
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VLKVLINE PIIOSPIUT VSE IN THE INTESTLNAL LYMPH OF 

THE R4T 

LUNICr \ FLOCK vnd JESSE L BOLLMAN 
(A row the Divtvon of Lxpuimcnlal MediuncJIayo Foundation, Rochester, Minnesota) 

(RccLi\pd for publication, April 26, 194S) 

A (Ictie ibe of the alkiilme phosphatase activity of plasma has been ob- 
‘-erved (lining fasting in lats, guinea pigs, and dogs (1-5) An mcrease from 
the fasting level has been pi oduced in dogs by the admmistration of a carbo- 
hydrate meal (G) and in lats by the admmistiation of a fat meal (2, 5, 7) 
These obseivations, as well as the fact that the mtestinal mucosa has the 
highest content of alkaline phosphatase of any tissue in the body, have led 
to the suggestion that the intestinal mucosa may be a souice of the alkaline 
phosphatase of plasma (6-8) Analysis of the mtestinal lymph piovides 
more diiect evidence foi this function of the mtestinal mucosa We have 
found that the alkaline phosphatase activity of lymph from the small in- 
testine deci eases with fastmg and inci eases aftei feedmg to highei levels 
than does that of the plasma Moreovei, when the mtestmal lymph is 
collected continuously and thus diverted fiom its noimal passage into the 
blood stream, the concentiation of this enzyme in the blood deci eases in the 
fed lat to veiy low levels 


Methods 

Male lats of the Spiague-Dawley stiain weighing approximately 200 gm 
weie used m these studies They weie mamtamed on eithei Friskies or a 
fat-fiee diet prioi to opeiation A cannula was introduced mto an m- 
testinal Ijmiphatic tiunk in the mesenteiy just piioi to its entiance into the 
cisteina chyh All opeiatne pioceduies weie earned out with the rats 
undei ethei anesthesia The cannula w'as of polyethylene tubmg of 1 mm 
outei diametei and 0 6 mm mteinal diametei Smee the hgature placed 
about the lymphatic tiiinlv would mclude othei blanches, it was felt that all 
of the lymph fiom the small intestine was obtained m most preparations 
The lats weie placed in small cages with free access to watei Salme 
solution W'as given daily by subcutaneous injection The lymph was 
collected continuously and at inteiwals w'as analyzed foi moiganic phos- 
phate by the method of Fiske and Subbai ow' (9) For allvalme phosphatase 
activity 0 1 01 0 2 ml aliquots were incubated w'lth 5 ml of substrate, 
essentially by the method of Bodansky (10) In the later experiments the 
activatoi , MgCla, in 0 2 pei cent concentration, w as mcluded m Bodansky’s 
substiate The unit of phosphatase activity used m Tables II to VIII is 
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defined as the amount liberatmg 1 mg of P from the substrate when hy- 
drolysis pioceeds foi 1 houi at 37° Similar analyses were made of plasma 
from blood removed by caidiac pimcture 
As a check on the completeness of the collection of intestinal lymph, 
studies veie also made of lats in vhich a polyvmyl chloride tubmg (11) 
had been mtioduced mto the thoiacic duct 

Geneially the fiist meal was administered on the morning after the day 
of opeiation In most of the expeiiments a comparison was made of the 
effect of 7 5 ml of the fat-fiee diet (Table I) given by stomach tube and of 
the effect of 1 ml of corn oil administered just prior to the 7 5 ml of fat-free 


Table I 

Diets Used for Adimmstralion by Stomach Tube 



Fat free diet 

13 per cent fat diet 



sm 

Corn oil 


13 

Casein 

20 

6 

Starch 

24 

40 

De\trin 

20 

20 

Sucrose 

19 

19 

Salt mixture (12) 

4 

2 

Vitamin mixture* 

0 069 

0 069 

Oleum percomorphum 


0 5 


ml 

ml 

Water 

86 

85 

Total volume 

135 

153 

Caloric value, calories per ml 

2 

3 


* Thiamine hydrochloride 20 mg , riboHavin 20 mg , mcotimc acid 40 mg , pyrj 
do\ine 20 mg , calcium pantothenate 40 mg , choline chloride 600 mg , and 2 methyl 
naphthoquinone 50 mg Total, 690 mg per kilo diet 


diet In later experiments the corn oil and the fat-free diet were emulsifie 
m the Waimg blendor prior to admmistration The effect of a 13 per cent 
fat meal, only, was studied in the rats with fistulas of the thoracic duct 

Results 

Theie was a definite mcrease of the allcalme phosphatase activity of the 
mtestmal lymph of rats receivmg the fat-free meal (Fig 1) In 
( the contiol sample of lymph was obtamed by an overnight collection 
After a temporary decrease of concentration shortly after the adminis 
tion of the meal, largely owing to an mcreased flow of lymph, there was 
inciease to a peak at from 6 to 12 hours, with a'return toward norma urm 
the last half of the 24 hour period Considerable vanation was note m 
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maximal lex els of phosphatase found m these rats This vaiiation was 
probably duo to vaiiations of rate of gastric emptying 
The group of rats which received 1 ml of corn oil in addition to the 
fat-free meal but Mithout prehmmary mixing shoxved increases of phos- 



Fig 1 The effect of a fat-free meal on the alkaline phosphatase activity of in- 
testinal lymph All rats had been maintained on the Friskies diet up to the time of 
operation, except Rat 4, which had been shifted to a fat-free diet 1 week before the 
operation The period of collection of the other samples is shown by the broken line, 
the actual value found being plotted in the center of the time interval and repre- 
senting the average value for the period The number of each rat is given in pa- 
rentheses for comparison with Table II 


pbatase activity of the mtestmal lymph (Fig 2) xvhich were quite similar 
to those found m the rats which had received the fat-free meal only 
The effect of Mg++ as activator on the alkahne phosphatase activity of 
the lymph was measured in five of the rats shown m Figs 1 and - On the 
average there was a 42 5 per cent mcrease m the peak values m the presence 
of Mg++ As a typical example the curves for alkalme phosphatase m the 
lymph of Rat 12 with and xvithout Mg++ m the substrate are shoira m 
Fig 3 
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The lange of values for the total volume of Ismiph collected during a 24 
houi period and foi total units of phosphatase in this volume of lymph iias 
essentially the same both in the gioup which leceived the fat-fiee meal 
only and m the gioup which received fat in addition (Table II) 

Aftei the 24 horn period of lymph collection just desciibed each rat 
received the opposite test meal The lymph was collected foi 6 or 12 



up to the tune of operation 


hours and then the blood was taken foi analysis (Table III) 
tune that the lymph was collected m these lats varied fiom 52 to j 
In another senes of lats, a 2 hour control sample of lymph was co ec^e^ 
on the next moimng after opeiation, a meal was given, and the lymp 
collected for thiee peiiods of 4 houis each At the end of this 
the allcahne phosphatase level in the lymph nas high, the blood nas 
, for comparison (Table IV) Increase m units of enzyme activiy 
found pel 100 ml of lymph and pei volume of lymph collected a 
meals, but the mcieases were much larger m the four rats wbic ^ 
the fat-free meal plus fat The geneially highei level of values 
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of thia activity found mth for an activator is shown with the broken line 


Table II 


Volume and Alkaline Phosphatase Aclivtly of Intestinal Lymph over 24 Hour Period 


Fat free meal 

Fat free meal + fat 






Alkaline phos- 

Rat No 

Volume 

phatase activity 

RatNo 

Volume 

phatase actnity. 



units per day 



umts per day 


ml j 



ml 


1 

16 4 

10 0 

2 

9 2 

4 0 

6* 

13 2 

14 5 

7* 

12 6 

6 3 

8 

14 3 

10 8 

12 

17 3 

9 1 

10 

11 6 

3 6 

13 

21 3 

9 7 

11 

13 6 

6 2 

15 

13 9 

14 2 

14 

15 9 

5 5 





* These tn o rats had been maintained on a fat-free diet for 1 week prior to the 
operation, all others had been on the Friskies diet None were fasted prior to opera 
tioii 
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this gioup was m contrast also to that of the rats receiving the fat-free plus 
fat meal shown in Fig 2 This result may be related to the fact that in the 
observations shoivn m Table IV the fat was emulsified at the time of feedmg 
The alkaline phosphatase activity of the plasma of rats from which the 
lymph had been collected contmuously for 52 to 56 hours was very low 
(Table III) Since the rats had been fed 6 oi 12 hours previously, the con 
tent of this enzyme was at a high level in the intestmal lymph Also m 
the group of rats in which the plasma was analyzed after the lymph had 


T\.ble III 


Comparison of Alkaline Phosphatase Activity of Intestinal Lymph and Plasma after 
52 to 56 Hours of Lymph Colleclton and 6 or 12 Hours after Meal 



AILaline phosphatase activity, units per 100 ml 

Rat No 

Intestinal lymph 

Plasma 


Activator 

Activator 


None 

Mg^- 

None 

Slg”- 

4 

132 


58 


6* 1 

189 


4 8 


7*t 1 

56 7 


4 8 



27 1 

39 6 

19 7 

32 1 

11 

52 1 

85 4 

2 3 

4 9 

12t 

42 6 

56 4 

5 7 

I 15 9 

13t 

51 6 

74 8 

2 5 

5 6 

15t 

47 1 

69 6 

2 4 

6 2 


* These two rats had been on a fat-free diet for 1 week before the operation, al 
others had been on a Friskies diet 

t These four rats received a fat free meal, others received the fat-free meal plus 
fat 


been collected contmuously for a shorter time mterval, 32 to 35 hours, 
siimlar low values for the alkalme phosphatase of the plasma were mun 
(Table V) Analyses of plasma from rats m which the intestmal lymphatic 
fistulas were unsatisfactoiy, that is, had ceased to function at some time 
durmg the experiment, are mcluded m Table V In most of these ra w 
collateral lymphatic channels allowed the lymph to flow mto the cistema^ 
Such rats which had received the fat-fiee meal had 13 2 to 21 1 
alkalme phosphatase per 100 ml of plasma, while those which had 
the fat-free meal plus fat had 33 9 and 64 8 umts These values are ig ^ 
than the range of 5 1 to 11 6 units found m the plasma of the rats 
the lymph flow through the fistulas was contmuous Intact rats ® “ 
at the same mterval after feedmg had from 20 8 to 44 2 umts of phosp 
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per 100 ml of plasma if they had received the fat-free meal and from 50 4 
to 68 6 umts if they had received the fat-fiee meal plus fat Thus it is seen 
that, when the lymph is flowmg contmuously from the fistula, the level of 
alkahne phosphatase m the plasma decreases to very low levels, but, if the 

Table IV 


Changes in Alkaline Phosphatase Aetivily of Intestinal Lymph during a IS Hour 

Period Following Meal 


Rat No 

Meal 

Alkahne phosphatase activity with 

Control* 

Hrs after meal 

0-4 

4-8 

8-12 



umfs per 100 ml 

umts Per 100 ml 

umts Per 100 ml 

unUs per 100 ml 

19 

Fat-free 

37 4 

14 9 

43 8 

55 5 

20 


18 5 

9 4 

19 4 

57 8 

24 


54 2 

30 7 

51 6 

73 8 

25 


47 8 

21 6 

50 2 

67 5 

26 

“ + fatt 

45 0 

SO 8 

78 2 

128 

27 


47 2 

42 0 

153 

178 

30t 


110 6 

58 4 

223 

255 

32t 


62 0 

43 6 

197 

232 



units iet hr 

units per hr 

umts per hr 

umts per hr 

19 

Pat-free 

0 15 

0 12 

0 18 

0 26 

20 


0 02 

0 10 

0 11 

0 22 

24 


0 11 

0 15 

0 19 

0 31 

25 


0 22 

0 23 

0 25 

0 30 

26 

“ + fat 

0 10 

0 71 

0 70 

0 54 

27 


0 10 

0 49 

0 69 

0 98 

30 


0 16 

1 34 

1 28 

1 28 

32 


0 17 

0 78 

0 98 

1 11 


* 2 hour collection from 22 to 24 hours after operation 

t The entire meal was homogenized in the Waring blendor prior to tube feeding, 
in contrast to the procedure used in Table II, when 1 cc of the corn oil was given 
by stomach tube, followed by 7 5 cc of the fat-free meal 

t Maintained on a fat-free diet for 3 days prior to operation without fasting All 
others had been on a Friskies diet up to a 24 hour fast prior to the operation 


fistula ceases to work, the level m the plasma returns toward normal 
values 

The effect of fat on the level of plasma phosphatase noted m the rats with 
dBsatisfactory lymph flow and m the mtact rats after tube feedmg with and 
Without fat IS also evident m rats eatmg ad libitum the fat-free diet or the 
diet of Fnskies (4 5 per cent fat) (Table VI) The unfasted rats eatmg 
^kiskies had 79 7 umts of plasma alkalme phosphatase and with fasting 
this decreased to low levels m 24 to 48 hours Unfasted rats eatmg the 
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fat-free diet had only 18 2 units of this enzyme, and the effect of fasting 
was less 


Table V 

Alkaline Phosphatase Activity 12 Hours after Feeding, and after 32 to 35 Hours of 
Continuous Collection of Intestinal Lymph 


Meal 


Alkaline phosphatase acUvity with Mb*+. units per 100 ml 


Fat-free 


-f fat 


Plasma 


ilntesUnallynipIi 


Intact rats 

Lymph flow 
unsatisfactory 

Lymph flow conUnuous 

29 4 

35 9* 

23 4* 

20 8* 

57 8 

68 6* 

50 4* 

66 5* 

44 2 

36 8 

23 6 

31 6 

18 8 

13 2 

21 1 

64 8 

33 9 

9 0 

10 8 

7 8 

5 8 

5 1 

6 2 

11 6 

7 2 

55 5 

57 8 

73 8 

67 5 

128 

178 

255 

232 


* The rats were maintained on the fat-tree cueo loro fore opera 

the others were maintained on the Friskies diet and then fasted 21 ^ 

tion The lymph sample was collected from 8 to 12 hours after t 
for plasma at the end of this period are shown m the adjacent column 

Table VI 


No of rats 


10 

8 

9 

6 * 

6 * 

6 * 


Diet 

Duration 
of fasting 

Inorganic phosphate, 
mg per 100 ml 


hrs 


Friskies 

0 

7 3 ± 0 2 

H 

24 

7 2 ± 3 6 

tl 

48 

6 4 ± 0 2 

Fat-free 

0 

5 5 ± 0 2 

(( 

24 

5 6 ± 0 1 

(( 

48 

5 4 ± 0 3 


Alkaline phosphataw acUvity. 
umts per 100 mi 


Activator 


Mg«- 


79 7 ± 6 1 
20 2 ± 3 6 
16 5 ± 1 8 
18 2 ± 1 2 


None 


13 9 ± 2 0 

11 4 ± 1 1 

11 1 ± 0 9 


from 47 to 58 days 
mean 


group uau uisoii 
The figures after the 


the 

IB an attempt to see just how rapidly jl'f,atTcE*''‘‘ 

ptoa, additional rats were studied m which the meal 
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Table VII 

Ulalitic Phosphatase Activity of Intestinal Lymph and Plasma after Short Periods 

of Collection 



Alkaline phosphatase activity with units per 100 ml 

Meal 

Plasma 

Intestinal lymph 


1 Intact rats 

1 Sham operation* 

1 Lymph flow continuous 

24 hrs after operation 

13% fat 

46 S 

46 8 


majm 


40 1 

35 7 




34 0 


8 6 

188 


35 7 


9 5 

188 


6 hrs 

after operation 


Fnskies 



11 8 

120 




19 3 

44 8 




18 0 

73 1 




30 0 

67 7 




31 8 

92 9 




20 0 

18 0 


* The operation included dissection of the lymphatics and was fully as extensive 
as the operation in which a cannula was introduced 


Table VIII 

Alkaline Phosphatase Activity of Thoracic Duct Lymph 5 to 6 Hours after Feeding, 
and after 1 to ^ Days of Continuous Collection of Lymph 



Alkaline phosphatase activity with Mg”’, units per 100 ml 

Meal 

Plasma 

Thoraac duct lymph 


Lymph flow 
unsatisfactory 

Lymph flow continuous 

13% fat* 

73 6 

9 7 

124 

24 9 

10 2 

203 


69 3 

6 2 

162 



8 0 

136 



6 7 

152 

Fat-free 


5 5 

43 


3 2 

48 

“ -f fat 

18 7 




18 6 




* The rats were maintained by tube feeding of the 13 per cent fat diet ti\ice daily 
(60 calories total) The lymph sample in the last column was a 5 or 6 hour specimen 
The values for plasma phosphatase taken at the end of this period are in the adjacent 
column 
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12 hours after operation and the lymph and plasma were compared 12 
hours after the meal (Table VII) As early as 24 hours after collection of 
lymph had been begun, the umts of phosphatase were low m the plasma 
Another group of rats was operated on without a penod of fastmg, and the 
lymph was collected for only 6 hours In these rats the enz3Tne had de- 
creased m the plasma but not to as low a level as m the rats from which the 
lymph had been collected for a longer period 

Low levels of allcalme phosphatase were found also m the plasma of 
rats from which the lymph had been collected contmuously for 1 to 4 days 
from the thoracic duct (Table VIII) In three rats m which the fistula had 
ceased to function durmg the experiment higher values for plasma alkalme 
phosphatase were found, two of which approached normal values 

Comment 

Relatively little is knmvn about the chemical composition of mtestmal 
lymph, largely because of the difficulties of collection However, with the 
techmque developed m this laboratory for mtroducmg plastic tubmg mto 
the mtestmal lymphatic trunk, it has become possible to collect such lymph 
contmuously for several days from animals which are otherwise normal 
The alkalme phosphatase of mtestmal lymph has been found to decrease 
with fastmg but usually not to as low levels as that of the plasma, the 
enzyme mcreases after feedmg to much higher levels than m the plasma 
The mcrease occurs after a fat-fiee meal or the same meal plus fat, but the 
mcrease may be greater after the latter meal Previously Weil and Russell 
(2) and Dalgaard (5) have stated that the mcrease of the level of this 
enzyme m the plasma is obtamed m the rat only after a fat meal The 
quantity of the fat-free meal admimstered by Weil and Russell was much 
smaller than m our expermaents Gould (7) had found very high levels ol 
alkalme phosphatase activity m the plasma of rats mamtamed on a very 
high fat diet In our experiments we have found higher values for plasma 
phosphatase m rats receivmg fat m addition to the fat-free meal than m 
those receivmg the fat-free meal only, but an mcrease was found after either 
meal 

The observation of a highei content of alkaline phosphatase m the m 
testmal lymph than m the plasma shows that the small mtestme is a 
of this enzyme for the plasma Additional evidence is provided by ® 
observation that the content m the plasma decreases to very low ev 
when the flow of lymph from the fistula is contmuous and returns 
normal levels when the flow of lymph ceases The findmg of low leve 
alkalme phosphatase m the plasma of rats when all the lymph was 
lected from the thoracic duct as well as from the intestinal lympha ics^^^ 
to be expected, smce all the mtestmal lymph w^as drained m ei er 
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It appears that alkaline phosphatase is supplied to the plasma from the 
small intestine by way of the lymph m the lat 

SDMALVUl 

The alkaline phosphatase of intestinal lymph of the lat deci eases with 
fasting and increases after eithei a fat-free meal or the same meal plus fat 
Highei levels of the enzyme may be found after a fat meal, howwer, m both 
lymph and plasma than aftei a fat-fiee meal The concentration of the 
enzyme in the intestinal or thoracic duct lymph is much greatei after 
feeding than in the plasma of intact lats after feeding 
The concentration of plasma allvalme phosphatase is greatly reduced 
when all the intestinal lymph is collected contmuously either directly oi 
through the thoiacic duct It appears that alkalme phosphatase is sup- 
plied to the plasma from the small intestine by w^ay of the Ijnmph m the rat 
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ISOLATION OF 17-HYDROXYCORTICOSTERONE FROM 
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^lany of the features of Cushing’s syndrome aie those that would be 
expected to result from an oversupply of adrenal cortical hormones 
Indeed, Albright (1) has attributed the development of this syndrome to 
overproduction by the adrenal coi te\ of the carbohydrate-active hormones 
(S hormone), while Kenyon (2) and Kepler and his associates (3) have e\- 
plamed some of the features of the syndrome, mcludmg the diabetes, by the 
action of these steroids, and other features by the action of othei adrenal 
steroids Evidence in support of these views has been found in an mcreased 
excretion of carbohydrate-active mateiial in the urme as measuied by 
stimulation of glycogenesis m the liver of the adienalectormzed animal (4), 
and also as measured by less specific chemical methods (5) It was there- 
fore a matter of considerable interest to attempt to isolate the active 
material from the urme when a case of Cushmg’s syndrome presented itself 
in which the associated diabetes mellitus was unusually seveie In this 
case the excietion of coiticosteroid-hke substances vaiied between 14 and 
19 mg (in teims of 11-dehydiocorticosterone) per day The patient, a boy 
14 years of age, was found at surgical exploration, and later at necropsy, to 
have hyperplastic adrenal cortices ' 

The method for the determmation of corticosteioid-like substances was 
based on the procedure of Lowenstem, Corcoran, and Page (6), in which the 
amount of formaldehyde generated by the action of periodic acid is deter- 
mined The amount of foimaldehyde is taken as a measuie of the amount 
of the groups — COCHoOH and — CHOHCH 2 OH, the former gioup bemg 
an essential characteristic of the cortical hormones In older to avoid 
interference by the steroid residues and impurities the foimaldehyde was 
distilled prior to the colorimetiic piocedure 

The urme was collected daily, acidified to pH 1, and extracted with 
chloioform after standing 1 to 3 days at room temperature The extracts 
were pooled and woiked up when enough had been accumulated It was 

’ A report of this case, mcludmg metabolic studies, will be presented elsewhere 
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decided to use the method of solvent pai tition that had been used success- 
fully for the isolation of hormones from extracts of the adrenal cortex (7) 
To this end the chloroform was removed, the residue was taken up m 
benzene, and the benzene solution was extracted fifteen times with an equal 
volume of w ater The combined aqueous extracts were concentrated to 
about 250 ml and exti acted with chloroform Concentration of the 
chi 01 of 01 m solution to a small volume led to separation of crystals vhich 
were filtered out and thoi oughly w'ashed wuth chloroform A total of 292 

CH^Oll 



mg of crude crystals was thus obtained from a 25 day collection of unnc 
and this crude mateiial yielded 191 mg of purified 17-hydrox'ycorticosterone 
(I) - This amount of purified hormone corresponds to an average of 
mg per day 

The crude crystals melted at 200-205° After ciystallization ro 
absolute alcohol the melting point was 213-215° and [aln® = +157 ^ ^ 
The melting point was not changed by successive crystallizations ro 
acetone and methanol These properties, together ivith the 
red 2 4-dimtiophenylhydiazone, the development of a yellow -gieen 
resccnce on treatment wuth concentrated sulfuric acid, and thi 

- The roman numerals refer to the structural formulas in the figure 
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1 eduction of alkaline failvei in the cold, suggested the likelihood that the 
substance was IT-hjalrovycoiticosteione (8-10) Examination of the 
absorption in the ultra\ lolet ith a Beckman spectrophotometer revealed 
an absorption maximum at 242 m^ (e = 15,800) which is characteristic of 
an a,/3-unsaturated ketone gioup The structuie of the compound was 
firmly established by oxidation to adienosterone (II) (8, 9) and by oxidation 
of the acetate (III) to 17-hydiox3-ll-dehydiocoiticosterone acetate (W) 
( 10 ) 

The only other stiuctuies that would possibly give one or more of these 
results are Reichstein’s (11) Substances E (V) and U (VI) Both have the 
Q:,/3-unsaturated ketone gioup and both would yield adrenosterone on 
oxidation with chiomic acid The formei compound, however, melts at 
126-127° and faJo = +87° The pioperties of Substance U more nearly 
agiee with those of the uiinaiy compound It melts at 208° and [q:]d^ = 
+178 5° (acetone) It is excluded fiom furthei consider ation, however, by 
the fact that it loims the 20,21-diacetate (m p 252-253°) iindei the con- 
ditions used foi acetylation of the xirmaiy compound This diacetate 
would not be susceptible to oxidation to 17-hydio\y-ll-dehydrocorticos- 
terone acetate Indeed, Reichstem and von Euw (11) converted the 
diacetate of Substance E to the diacetate of Substance U by oxidation with 
chromic acid Substances E and U aie further excluded by then failure to 
reduce alkaline silvei solution at room temperatuie 
Di D I Ingle landly consented to assay the compound by his muscle- 
wmik test and lepoited that it contained 9 66 units per mg Di Ingle 
stated that this value is mthin 15 per cent of the value recently obtained in 
his laboratory tor 17-hydioxycoiticosterone 

The isolation of appreciable quantities of 17-hydioxj^coiticosteione from 
the iirme in this case is m accord with the view^ that at least some of the 
manifestations of Cushing’s syndrome aic primarily the result of an over- 
production of those adrenal cortical hormones which aie active m carbo- 
hydrate metabolism Although there is no way of estimatmg the amount 
of 17-hydioxycoiticostcione that was produced by the hyperplastic adrenal 
cortices it seems piobable that the amount excieted in the urine could not 
have been more than 10 per cent of the amount produced, and v ery likel3’’ 
was much less This estimate is based on the low recovery of corticos- 
teroids in the uiine w+en ll-deh3'’drocorticosteione and li-hvdroxj' 11- 
dehydiocoiticosteione w^eie giv'en to human subjects (12) 

fhe presence in this case of severe diabetes w^hich was refractorj’’ to 
insuhn appeared to bo analogous to the msulin-resistant hyperglj cemia and 
glycosuria induced by Ingle, Sheppard, Evans, and Kuizenga (13) m rats by 
administration of 17-hydroxycorticosterone and l/-lwdro\3-ll-deh3dr<' 

corticosterone 
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EXPERIMENTAL 

Exirachon and Isolation — The uime was collected m periods of 24 hours 
The volume of urine excieted during 24 hours was bet's\een 3 and 4 liters 
Aftei lemoval of a small aliquot foi various determinations the lemainder 
V as acidified to pH 1 v ith concentrated HCl and allow ed to stand 1 to 3 
days at loom temperatme It was then extracted four times \Yith 015 
volume ol chloiofoim that had been distilled ovei KjCOj The combined 
chloiofoim extiacts weie concentiated under reduced pressure and at a 
bath tempeiatuie of 50° to 20 to 30 ml Several such evtiacts were com- 
bined, diluted to 100 to 200 ml with chloroform, washed three times wath 
10 ml of cold 0 1 V NaOH for each 100 ml of chloioform solution, and 
then w ashed thiee times with a v olume of w atei equal to that of the NaOH 
The chloioform was distilled undei reduced pressuie at a bath tempera 
tuie of 50° The residues w ere pooled m a little wet chloi oform and stored 
in the lefiigeiatoi 

The pool of mateiial obtained duiing a 16 day peiiod was evaporated to 
dryness undei the conditions just described and the lesidue was evtracted 
\\ith successive poitions of ledistilled thiophene-fiee benzene until 100 ml 
of benzene had been used The lesidue that did not dissolve leadily m 
benzene w as dissolved in 5 ml of ak ohol and this solution w as added to the 
benzene solution The benzene solution was shaken thoroughly fifteen 
times wnth 100 ml portions of watei ^Vllen 500 ml of aqueous extract 
had been accumulated, it was washed once with 25 ml of benzene which 
weie added to the main benzene solution This procediue was lepeated 
w'lth the second and thud 500 ml accumulations of aqueous extiact as they 
weie obtained The benzene lesidue was put aside in the lefiigeiatoi for 
fuithei examination The combined aqueous extiacts weie concentrated 
undei 1 educed piessuie in a bath kept at 40° to approximately 250 ml 
This solution was extiacted thiee times wuth 50 ml of chloioform The 
extiact was filtered and concentiated undei i educed pressure to approxi- 
mately 3 ml Crystals soon began to separate After lefiigeiation for 
houis the mixtuie was filteied and the crystals were thoroughly wmshed wi 
chloioform, which lemoved almost all of the coloi The crystals w'eighe 
187 mg and melted at 200-205° A second pool of extracts covering ^ 
peiiod of 9 days was treated similarly and yielded 105 mg of crystals, whic 

melted at 202—205° j 

The crude crystals w eie leciystallized successively from absolute alco j 
acetone, and methanol The melting point after crystallization rd® 
absolute alcohol was 213-215° and was not changed by recrystalliza lO 
from acetone and then fiom methanol The 292 mg of crude crys 
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yielded 191 rag^ of i.ecrj'stallized mateiial The mateiial that was re- 
cri'^ijtallized fiom methanol was piepaied foi analysis 

CsiHaOi Calculated, C 69 57, H 8 35, found, C 69 81, H 8 49 

V few crystals of the isolated mateiial developed a yellow-green fluo- 
lescence when tieated with a diop of concentiated sulfuric acid A led 
dinitiophenylhydiazone piecipitated when a small amount of material m 
0 5 ml of alcohol was tieated with 0 5 ml of a solution of 2,4-dmitio- 
phenylhydiazme in 2 v HCl (Brady’s leagent) 

Foi deteimination of the specihc lotation 14 7 mg of substance weie 
chssolved m 5 0 ml of 95 pei cent alcohol [ajo® = -|-167° ± 3° Reich- 
stein (9) obseited [a]f = -fl67 2° ± 2° (c = 1 029 in absolute alcohol) 

Foi examination of the idtia\iolet absoiption 1253 mg weie dissolved 
in 95 per cent alcohol and the solution was made up to 100 ml Measuie- 
ments w’ere made with a Beckman specti ophotometei An absoiption 
maximum was observed at 242 m/x, Fi cm =0 548 and e = 15,800 (log e = 
4 2) 

Pre'paralion of Acetate — A solution of 24 6 mg of mateiial m 10 drops of 
pyridine and 3 drops of acetic anhydiide was allowed to stand 24 hours at 
room temperature Watei and HCl weie then added and the piecipitate 
was collected on a filtei and washed with watei It was dissolved in hot 
methanol, the solution was filtei ed, concentiated to about 1 ml , and cooled 
The first ciop of ciystals melted at 218-219° Recrystallization from 
acetone did not chauge the melting point Combination with the second 
and third crops from the first methanol solution and recrystallization from 
this solvent gave 19 mg of laige crystals which melted at 219—220 

CaH3.0c Calculated, C 68 29, H 7 99, found, C 68 09, H 8 32 

Oxidation of 17 -Hydroxycoiticostcionc to Adienostcrone A solution of 
15 0 mg (0 0414 mw) of the steioid in 1 5 ml of glacial acetic acid was 
treated with 0 55 ml of 0 902 n chiomic acid in 90 pei cent acetic acid 
(12 X 0 0414 milliequivalent) Additio^ of the chromic acid gave a 
brown, amorphous precipitate which slowdy disappeaied on standing 
After 20 houis a few drops of methanol weie added to destroy any excess 
chromic acid, then water was added, and the mixture was extracted thiee 
tunes with ethyl acetate The extract was w ashed wuth sodium carbonate 
solution and water, dried over NajSOi, and evaporated to dryness The 
residue was taken up in a little methanol and dry ethei was added \. 
gelatinous precipitate wms centrifuged out and discaided The solution 
was evaporated to diyness and the residue was ciystallized from dry ether 
The first crop weighed 3 6 mg and melted at 217-219° A mixture with 
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an authentic specimen of adienosterone (m p 218-220°) melted at 217-219'’ 
In 95 pel cent alcohol [ajn® = +270° db 8° (c = 0 1183) Reichstein (14) 
observed for adrenosteione (Substance G) [a]o = +262° 

Oxidation of 17-Hydroxycorticosterone Acetate to n-Hydroxy-ll-dehydn 
corticosterone Acetate — The acetate (9 mg ,0 0223 mu) ivas dissolved in 0 5ml 
of acetic acid, and 0 0669 milhequivalent of chromic acid m 90 per cent acetic 
acid was added Aftei 22 hours at room temperatuie i\ ater m as added and 
the mixture was extracted with ethyl acetate The extract was u ashed 
inth sodium carbonate solution and water, dried, and evapoiated The 
lesidue was crystallized from acetone and gave tii o ciops of 4 0 and 2 2 mg 
which melted at 239-240° and 238-240°, lespectively A mLxture of the 
first Cl op vnth an authentic specimen of 17-hydiox>-ll-dehydrocorticos 
terone acetate (m p 239-240°) melted at 239-240° 

SUMMARY 

17-Hydiox'ycorticosteione has been isolated from the urine m a case of 
Cushmg’s syndiome associated with severe diabetes mellitiis From a 2o 
day collection of uiine 191 mg of purified hoimone were obtained 
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measurements of riboflavin and TTq 
natdhal derivatives in small quantity otbTood 
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The concentrations of many of the vitamins or their natural derivatives 
in blood serum and cells reflect the relatively recent intake of the particular 

1 ^ essential (eg , ascoibic acid) Such a lelationship between blood 
evel and intake has led to the usefulness of chemical analytical methods for 
the evaluation of nutritional status However, there is, at present, insuffi- 
cient information available to indicate whether or not measurements of the 
wood levels of riboflavin in any of its foims would be helpful in this way 

his paucity of data on iiboflavin blood levels is pnmarily attributable to 
the lack of satisfactoiy analytical methods Results with microbiological 
ra^hods (1-3) have been someivhat discordant, appaiently because of the 
chtfaculty of measuring the low concentiations of the vitamin in the presence 
of peisistent substances m blood extiacts which may enhance or inhibit 
bacterial growth The microbiological methods also fail to differentiate 
between riboflavin and its derivatives By a manometne techmque (4, 5), 
ffie flavm-ademne-dinucleotide has been measmed in red cells and plasma' 
f^his procedure requiies so much material and labor as to appear unnrac- 
ticable foi Avide usage 

The recent development of a veiy sensitive fluorometer (6) now makes 
possible methods which are simple, rapid, and repioducible to 3 to 5 per 
cent, and by which iiboflavin can be differentiated from its natural deriva- 
tives With this instrument the fluorescence of as little as 0 2 my of 
riboflavin m volumes of 0 5 ml is readily measuiable 
Methods will be desciibed for determmmg (1) both free and total 
nboflavm m 50 c mm of blood seium (25 c mm for total alone), (2) 
e free nboflavm, flavin-mono- and dmucleotide as separate fractions in 

2 ml of serum, (3) the total nboflavm m 20 c mm of red cells or whole 
ood, and (4) the total nboflavm m white cells and platelets from 0 1 ml 

Aided by a grant from the Nutrition Foundation, Inc 
T Present address, Department of Chemistry, Columbia University, New York 
I Present address. Department of Biological Chemistry, University of Illinois 
'-ollege of Medicine, Chicago 

§ Present address. Department of Pharmacology, Washington University School 
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RIBOFLVVIN IN BLOOD 


of blood Illustiative data include the influence of iiboflavm intake on 
blood levels in the lat, some values foi riboflavin concentration ur sup 
posedly noimal human seium, led blood cells, and white blood cells, and a 
pieliminary study of the effects of laige doses and shoit peiiods of depnva 
tion of iiboflavin on the seium iiboflavin of a fen human subjects 

EXPEULMLM'LL 

Pnnciples of Methods — The diffeienliation of the flavin compounds de- 
pends upon the following piopeities which w ill be fully discussed elsewheie ' 
(1) At neutiality, on a molar basis, iiboflavin and iiboflavin monophos- 
phate (fla\ in-mononucleotide (FMX)) evliibit the same fluoiestente, 
wheieas flavm-adenine-dinucleotide (FAD) is onh about 14 pei cent as 
fluorescent undei the conditions of analysis (2) Riboflavm is much moie 
leadily exti acted by benzyd akohol fiom iqiicoiis solution than is eithei 
FMN 01 FAD (3) FAD is completely'^ hydiolyzed to FMN m 5 pei cent 
tiicliloioacetic acid m 20 houi-s at 37“ 

Materials — 

1 Mici ophotofluoi ometci fitted with special adaptei and tubes as de 
sciibed elsewheie (b) (Fariand Optical Company, Inc , Bion\ Boulevaid 
and East 238th Stieet, New Yoik 66) The commercial instrument re 
quires slightly laiger volumes than those used in the present work The 
mmimum fluid volume lequiied foi the particulai mstiument and cuvettefe 
used should be deteimined and the coiiesponding changes made in specimen 
and reagent volumes 

2 Seiological tubes, G X 50 mm (lOmble, No 45000) 

3 Pyrex test-tubes, 3 and 8 ml capacity 

4 Constriction pipettes 5, 20, 25, 50, 100, 110, 200, 400, and 500 
c mm (7) 

5 Syringe pipette set for 1 ml volume (Mr Herman Ruf, 5023 I92n( 
Street, Flushing, Long Island, New Yoik) 

6 Pipettes and other equipment desciibed foi phosphorus analysis o 
white blood cells (8) 

7 Wide tipped constriction pipette calibiated to contam 20 c mm of le 

blood cells . 

8 Trichloroacetic acid, 100 gm of redistilled acid diluted to 100 
From this, 5, 10, and 13 pei cent solutions aie prepaied 

9 0 16, 2 4, and 4 m K 2HPO4 solutions 

10 Benzyl alcohol, c p , redistilled, and saturated with w'atei 

11 Chloioform, c P , ledistilled, and satuiated with water 

12 Riboflavm standard solutions, 0 2 to 1 6 7 pei ml in 0 01 n 

1 Lowrj , 0 H , Bessey, O A , and Love, R H , m preparation 
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Although these dilute solutions appear to keep ell protected by black cloth 
m the cold, it is perhaps advisable to piepaie them frequently from a 
stronger stock solution, i e , 20 7 per ml in 0 01 n HCl 

13 Sodium hydi osulfite (Na;S204) 0 5 gm dissolved within 30 minutes 

of use in 5 ml of 5 pei cent sodium bicarbonate This reagent is prefer- 
abl}’' kept m a tube m ice atei to delay oxidation by the air 

14 Fluoiescein secondaiy standaids approximately equivalent m fluor- 
escence to 1, 2, and 4 m7 of iiboflavm pei ml 

15 Reagents as needed for phosphoius determination m white blood 
cells (8) 

16 Potassium oxalate, 1 6 per cent fieshly diluted from 8 per cent solu- 
tion kept m the refiigeiatoi 

17 NaCl, 1 pel cent solution 

Because of the small fluoiescence measuied, reagents must be sufficiently 
pure, and equipment sufficiently clean so as not to contribute more than a 
trace of fluorescence to the sample Glass-redistilled H2O is used m making 
all reagents All tubes aie cleaned by boiling first m half concentrated 
HNOj and then, aftei thorough iinsing, in distiUed H2O 

Since the riboflavin in the neutralized extract is quite sensitive to blue 
light, it IS desirable to work with such extracts in a darkened room equipped 
mth red lamps Tubes are kept covered whenever possible to prevent 
contamination 

Some of the leagents listed are not required for certain of the determina- 
tions 


Procedure 

Determination of Free Riboflavin and Total Riboflavin in Serum 50 c mm 
of serum are well mixed with 1 0 ml of 5 per cent tiichloioacetic acid at 
0° m a 3 ml tube, alloived to stand at 0-5° for 15 minutes, and centrifuged 
m cold cups at 0-5° for 10 minutes 0 4 ml of the supernatant is trans- 
ferred to each of two fluorometei tubes, the first of which contams 0 1 ml 
of 2 4 M K2p[POi The lemaimng sample is reserved for the determination 
of total riboflavin as described below The apparent riboflavm content 
(A) of the tube contaimng the neutralized extract is measured m the micro- 
photofluorometei mthin 1 to 2 hours of neutiahzation Meanwhfie, care 
IS taken to keep the tube in the dark The tube is carefully iviped with a 
slightly damp cloth and three readings are made with the same instrument 
setting against fluorescein an imtial readmg, Ri, a^secon rea ng, r 

the addition of an internal riboflavin standaid (5 c mm equiv en o 
my of riboflavin), and a reduced reading, Rz, after the addition of o c mm 
of sodium hydrosulfite solution (“Materials,” item (6)) Complete blank 
determinations are also made on reagents, usually m triplicate A reading 
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on a tube containing ledistilled watei is made as a measme of the contnbu 
tion from scattered light and possible fluoiescence of the tube itself 
Foi measuimg the total iiboflavin of the filtiate, the fluorometei tube 
contaimng the second sample is stoppeied wth a clean pai affined coik or 
veiy clean dust-fiee lubbei stoppei and is allo\\ed to hydrol 3 ’’ze in the dark 
at 37° for 20 houis, usually oveimght It is then neutralized with 0 1 nil 
of 2 4 Ai K 2 HPO 4 and its appaient riboflavin content (B) is measuied ai> 
above Gieat care is taken to mi\ all solutions thoroughly and to keep the 
low'ei poition of the tube fiee fiom hngei-maiks and dust If carefully 
calibiated fluorometei tubes aie used, it is uimecessaiy to use an internal 
standaid wuth moie than a few samples, since little 01 no quenching has 
been observed with these seium filtiates 

Calculation — The leadings R« and Rt aie collected foi the dilution result- 
ing fiom the addition of internal standaid and 1 educing agent, and maj be 
designated R'^ and R '3 (The reading foi redistilled water is subtincted 
fiom the sample leadings befoie collecting foi dilution, since the contiibu- 
tion from scatteied light would not be affected by dilution ) 


iMicrograms riboflavin added 
Ml seruni m aliquot 


X 


Ri-m 
R'- Ri 


X 100 = micrograms % riboflavin 


Appiopriate conection is made in the above figure for blanks w'hich have 
been treated and calculated m the same mannei as the samples 

Since under the conditions of measuiement FAD, befoie hydiolysis, is 
14 per cent as fluorescent as iiboflavin, then 


and 

Free riboflavin (-fFMN) = A — 0 14FAD = 1 163A — 0 1635 

(Ordinaiily, veiy little FMN has been found piesent in serum ) 

If the determmation of total riboflavin only is dcsiied, 2j c nun of serum 
aie sufficient The serum is precipitated with 0 5 ml of 5 per cent 
chloroacetic acid at room tempeiatuie and may be allowed to stand 
minutes to an hour before centiifuging A 0 4 ml aliquot is hydrolyze 
and measured as above Prolonged contact of the protein piecipitate 
the trichloroacetic acid should be avoiidel as being likely to increase 
blank reading ^ 

Betemunahon of Fi ee Riboflavin, FMN, and FAD — ^A seium filtrate 1 ^ 

pared at 0-5°, as desciibed above, fiom 0 2 ml of seium and 2 0 
per cent tncbloioacetic acid m an 8 ml tube After centiifuging, 
of the supernatant is transfeired into a 3 ml tube contammg 0 2 
2 4 m K 2 HPO 4 and nuxed at once The free riboflavm plus FiMA 
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ured on a 0 5 ml aliquot of this sample (.4) The total iiboflavm is meas- 
ured on a 0 1 ml aliciuot of the lemaimng supernatant acid extract (B) as 
described above To 0 75 ml of the lemaming neutral extract, 2 ml of 
benzyl alcohol saturated \nth watei are added Thorough extraction of 
free riboflavin is accomplished by vigorously agitating the covered tube 
wth a device such as that pieviously described (9) or by very thorough 
tapping Aftei centiifuging o nnnutes at 3000 hpm , the benzyl alcohol 
layer is diavn off as completely as possible by suction The aqueous layei 
is then extracted mth 1 ml of chloroform saturated vuth water and centri- 
fuged (The chloioform extraction removes the last of the benzyl alcohol 
and clarifies the aqueous phase ) A 0 5 ml aliquot of the (uppei) aqueous 
layer is transferred to a fluoiometei tube and the apparent riboflavin (C) 
IS measured as before 

Calculalion — ^The distribution coefiicients for iiboflavin, FMN, and FAD 
between benzyl alcohol and the neutralized trichloioacetic acid extract are 
3 8, 0 02, and 0 01 respectively ^ Thus, when 0 75 ml of the sample is 
extracted wuth 2 ml of benzyl alcohol, the free riboflavin extracted = 100 
X (3 8 X 2)/(0 75 -t- (3 8 X 2)) = 91 per cent, leaving 9 per cent in the 
aqueous phase Similaily, it may be calculated that 96 per cent FMN and 
98 per cent FAD will be left behind after the benzyl alcohol extraction 
The FAD left ivill, as before, show only 14 pei cent as much fluoiescence 
as an equivalent amount of iiboflavm Therefoie, if A, B, and C are equal 
to the appaient iiboflavm in the three samples above, A = free nboflavm 
+ FMN -1- 0 14FAD, B = total riboflavin, and C = 0 09 free riboflavin 
+ 0 96FMN + 0 14FAD 

From these equations it may be readily calculated that 


(2) Free riboflavin = 1 lOA — 1 15(7 -b 0 007B 

Foi most purposes the extracted FMN is negligible, m w-hich case fiee nbo- 
flavin = 1 10(A - C) 

(3) FIMIsr = B- FAD - free nboflavm 
Detei-minahon of Total Riboflavin in Red and White Blood Cells 

Isolation of Blood Cells-The method of isolation of wlnte blood cells 
and platelets by differential centiifugation from 0 1 ml of blood has been 
described (8) The i ed blood cells w hich i emain after removal of the w hite 
cell suspension aie sufficient for led cell analj^sis The supernatant solu- 
tion remaining after the white cells aie drawn off, together with the uppei 
portion of the led cell layer, is discaided The remaining red cells are 
packed by centrifuging at 4° foi an horn .Vny supernatant liquid is re- 
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moved and an aliquot of red cells is taken with a dry, rather ivide tipped 
constriction pipette, cahbiated to contain 20 c mm This is rinsed into 1 
ml of 1 per cent NaCl The suspension may be stored frozen if immediate 
analysis is inconvement 

Analysis of White Blood Cells and Platelets Riboflavin Measuremeni- 
The white blood cells fiom 0 1 ml of blood are distiibuted evenly by vigor 
ous agitation of the small tube and depioteimzed by mixing thoroughly 
^vlth 0 11 ml of 5 pel cent trichloioacetic acid The sample is allowed to 
stand at i oom temperature for 30 minutes to 1 hour and mixed again Af 
tei centrifuging at 3000 r p m foi 10 minutes, 0 1 ml of the supernatant 
fluid IS transferied to a fluoiometer tube and allowed to hydiolyze at 37 
The residue and lemaining supernatant fluid are reserved for phosphorus 
determination, on which the weight of white cells and platelets is based 

The hydrolyzed filtrate is mixed mth 0 4 ml of 0 16 ai KjHPOj and the 
riboflavin is measured as described for serum Blanks are provided by 
treating 0 1 ml aliquots of 5 per cent trichloioacetic acid m the same man 
ner as the white cell filtrate 

Measurement of Acid-Insoluble Phosphorus — The acid-insoluble phos 
phonis is measured as previously desciibed (8), except for a sunplification 
made possible because of the moie dilute filtrate Instead of washing the 
precipitate to remove acid-soluble phosphorus, the 10 c mm of acid solu 
tion which remain with the precipitate are included in the phosphorus analy 
SIS To reduce the volume of fluid that needs to be evaporated, 20 c mm 
of 7 N H2SO4 may be conveniently substituted for the larger volume of la 
N acid previously recommended for digestion Digestion of the samp 
color development, and measurement of the absoiption at 690 m;i are car 


ried out as described (8) 

Calculation — The sample analyzed foi phosphoius contams all of tie 
acid-msoluble P and, because of the 10 c mm of acid extract not remov i 
9 per cent of the acid-soluble P Since white cells contain an averse 0 
33 micromoles of acid-insoluble P and 28 micromoles of acid-soluble per 
gm (8), the sample contams 33 -}- 0 09 X 28 = 35 5 micromoles of 
gm of white cells in the sample Therefore, the micrograms of ribo avi^^ 
per 35 5 imcromoles of P found aie numeiically equal to the micrograms 


riboflavin per gm of white cells, or 


imcroerams riboflavin in entire sample inn X 35 5 

( 1 ) Micrograms% riboflavin = ^.oromoiis P?^ 

Since the riboflavin m the entire sample = riboflavin found X 

„ , „ micrograms riboflavin found , on y 355 X ,7;; 

(2) Micrograms % riboflavin = ^.,,omoles P “ 

TTiillimierngra ma riboflavin foun d ^39 

( 3 ) Micrograms % riboflavin = micromoles P found 
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Analysis of Red Blood Cells — The red blood cell suspension (20 c nun m 
1 ml of saline) is Bell mixed with 3 ml of 13 pei cent trichloroacetic acid 
and allowed to stand 30 to GO minutes, mixed again, and centnfuged 10 
minutes at 3000 n p m The supernatant liquid, which must be clear, is 
allow ed to hydrolyze at 37° Aliquots of 0 4 ml are pipetted into fluorome- 
ter tubes contaming 0 1 ml of 4 m K 2HPO1 The reducible fluorescence is 
measured as described above The reduced readings must be made 
promptly after the addition of hydrosulfite, as there is a tendency for partial 


reoxidation of the sample 

Belennination of Total Rihojlavin tn B^Jiole Blood Total riboflavin may 
be detemuned in whole blood in the same manner as in red cells, except 
that a less dilute extract is prepared 20 c mm of blood are delivered into 
2 0 ml of 10 per cent trichloroacetic acid (For accuracy the pipette used 
IS calibrated with blood It is rinsed with dilute ammonia and dried wuth 
acetone between samples ) The mixtuie is shaken promptly to prevent 
clumping of the precipitate The rest of the analysis is pei formed exactly 
as with red cells In both cases, it is important that the acid extract does 
not remain in contact with the protein precipitate for much over an hour 

at room temperature, or 2 to 3 houis at 4 , 1. n j 

Recovery of Riboflavin and Flavtn-Adenine-Dinucleoltde ^Riboflavin and 
FAD weie added to human whole blood, serum, and red and w'hite blood 
cells piior to trichloroacetic acid piecapitation Filtrates were piepared, 
hydrolyzed, and analyzed, at least in triplicate, by the proposed procedures 
(Table I) Quantitative recovery was obtained Similai recoveries have 
been obtained from rat blood, senim, and cells Recovery, however, was 
not complete wuth lowei dilutions than those recommended, tnz , 1 100 for 
whole blood, 1 20 foi serum, and 1 200 for red cells In fact, even at 
1 200, recovery was found to be incomplete foi red cells if 5 per cent tn- 

chloroacetic acid was substituted for 10 per cent . , r 

Blood Level and Reproducibility 0/ Analyses— The riboflavm content of 
serum, white blood cells plus platelets, and re ^ sma 

groups of adult human subjects thought to be weU nourished is summarized 
in Tables II and III The average fiee riboflavm plus FMb, in seru is 

0 8 7 pel cent, and total riboflavin is 3 2 y per cent ivith ranges of 0 3 to 

1 3 and 2 6 to 3 7 7 per cent, respectively A difference m mdividuds 

either as to nutritional level 01 other factors seems primarily respo^ible 
for this rather wide variation, since the methods of analysis are q 
producible as showm by an estimated standard ^ 

0 07 7 per cent for both the (free + FMN) and FAD (Estima ed stand- 
ard deviation = VsaV(2^^- = 1 frThiSstatetic IS 

plicate analyses and N = the number of sera ^ ^ 
equivalent to the true standaid dexiation that should result from A rep - 

cate analyses of one serum ) 
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In a series of twenty-sLx duplicate determinations of total riboflavin in 
serum, the estimated standard deviation was found to be 0 08 7 per cent 


T^ble I 

Recovery of Riboflavin and FAD from Human Serum, Whole Blood, and 
Red and While Blood Cells 


Sample 

Total 

riboilavm 

(initial) 

Substance added 

Amount 

added* 

Total 

nboflavm 

foundt 

RcCONCiy 


7 Per cent 


7 per cent 

7 per cent 

per cent 

Serum 

3 9 

F\D 

13 7 

17 6 

100 

ft 

4 2 

Riboflavin 

20 3 

24 1 

98 

White blood cells 

262 

FAD 

381 

649 


(< ft ft 

262 

Riboflavin 

546 

812 

H 

Red blood cells 

24 3 

FAD 

94 8 

119 4 

H 

Whole blood 

12 2 

<( 

40 6 

53 4 

B 


* Calculated as riboflavin equivalent 
t Average of triplicate analyses 


Table II 

Riboflavin Content of Scrum from Well Nourished Adults* 


The values are recorded as micrograms per cent of riboflavin 


Test subject No 

Free + FlINt 

FADt 

Total 

1 

0 7 

3 0 

3 7 

2 

0 9 

2 5 

3 4 

3 

1 2 

2 5 

• 3 7 

4 

0 7 

2 1 

2 8 

5 

0 9 

2 4 

3 3 

6 

0 8 

2 1 

2 9 

7 

0 9 

2 6 

3 5 

8 

0 5 

2 8 

3 3 

9 

0 3 

2 4 

2 7 

10 

0 8 

1 8 

2 6 

11 

0 4 

2 3 

2 7 

12 

1 3 

2 2 

3 5 

13 

0 8 

1 S 

2 6 

Average 

0 8 

2 4 

3 2 

Range 

0 3-13 

18-3 0 

2 6-3 7 


* Riboflavin intake thought to be liberal by present nutritional standards 


t Average of duplicate analyses 

The average total nboflavm content of v bite blood cells plus ^ ^ 
and of red blood cells from tnelve adults was found to be 252 an 
pet cent respectively, with ranges of 227 to 293 and 18 0 to 26 2 7 
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(Table III) The mean of the twelve standaid deviations calculated on 
three to five samples from each individual was 11 7 pei cent for white cells 
and 1 3 7 pei cent for red cells 

Comparison of the analyses of the uppei bufty layeis of seveial specimens 
coutammg platelets piedommautly with the coirespondmg layers contain- 
ing leucocytes predommantly has indicated no difference in the riboflavin 
content of these fractions of the white cell layers 

Stabiliiy of Samples — Whole blood samples may be kept as collected at 
4° for 48 houis in the daik without measurable change in the concentration 

Table III 

Riboflavin Content of White Blood Cells and Platelets, and of Red Blood Cells 
from Well Nourished* Adults 


The values are recorded as micrograms per cent of riboflavin 


Teat subject No 

White blood cellsf 

Red blood cellaf 

1 

227 

18 8 

2 

243 

18 0 

3 

236 

26 2 

4 

261 

21 3 

5 

245 

22 8 

6 

264 

25 0 

7 

247 

25 2 

8 

293 

19 8 

9 

253 

20 8 

10 

246 

21 3 

11 

242 

26 0 

12 

262 

24 3 

Average 

252 

22 4 

Range 

227-293 

18 0-26 2 


• Riboflavin intake thought to be liberal by present nutritional standards 
t Averages of three to five replicate analyses 


of nboflavm compounds m the serum when it is finally separated Serum 
and white and red cells may be stored at —40° for periods of several months 
wnthout change m the riboflavin content, and, in the case of serum, wnthout 
change m the proportions of riboflavin, FMN, and FAD 
When FAD is added to serum at room temperature, about SO per cent 
of it IS hydrolyzed in 1 houi However, under similar conditions, hydroly- / 
SIS of the FAD origmally present m serum is not detectable after many 
hours This would mdicate the presence of an enzyme m serum which is 
capable of splittmg uncombmed FAD, but which is inactive toward FAD 
combined with protem FAD is hydrolyzed m 5 per cent trichloroacetic 
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acid at the rate of about 5 pei cent per houi at 0°, 12 per cent pei hour at 
15°, and 52 pei cent at 38°, which indicates the need foi prompt neutraliza- 
tion of extracts to be used for FAD analysis 
Pieliminary expeiiments on the hydiolysis of riboflavin deiivativea 
(FAD) extracted by tiichloroacetie acid fiom serum indicate the possibihty 
of leplacmg the long acid hydrolysis by enzymatic hydrolysis as an analyti 
cal convenience An enzyme concentiate piepaied fiom potato was used ’ 
Similai lates of hydiolysis weie obtained with a purified yeast FAD and 
ivith a seium extiact A.ppioximately the same FAD i alues were obtained 


Tabll IV 

Rtboflavtn in Blood Serum, Red Cells, and White Cells of Rats on 
Various Daily Inlakcs of Riboflavin 


Ribo- 

flavm 

No 

of 

Gron^th 


Semm 


While 
blood cells 

Red blood 
cells 

Unne 

in diet 

rats 


Free 

riboflavin 

FMN 

riboflavin 

FAD 

riboflavin 

Total 
ribofla% m 

Total 

riboflavin 

Total 

nboilavin 

Riboflavia 

7 Per 
gm 


gm pa 
do7 

7 ptr cent 

y per cent 

y per cent 

y per cent 

y per cent 

y per cent 

y per ml 
cT0tiinM 

0 5 

6 

1 88 

0 14 

0 23 

1 18 

1 55 

107 

9 6 

0 18 (2) 



±0 22t 

±0 11 

±0 07 

dbO 13 

±0 09 

d:7 

±0 4 

9 U (S) 

1 0 

7 

2 67 

0 28 

0 19 

1.32 

1 78 

125 

10 8 



±0 14 

±0 07 

±0 05 

±0 05 

±0 05 

^1 

±0 8 

0 20 (5) 

1 5 

9 

3 53 

0 54 

0 22 

1 36 

2 12 

142 

12 1 



±0 14 

±0 05 

±0 03 

±0 07 

±0 10 

±6 

±0 9 

0 16 (») 

2 0 

7 

3 69 

0 82 

0 38 

1 38 

2 58 

134 

12 5 



±0 27 

±0 22 

±0 06 

±0 06 

±0 26 

±3 

±0 8 

0 75 (1) 

3 0 

7 

4 53 

1 59 

0 23 

1 44 

3 27 

162 

13 6 



±0 35 

dbO 08 

±0 05 

±0 09 

±0 18 

±8 

±0 9 

13 8 (4) 

10 0 

8 

4 29 

3 79 

0 36 

1 66 

5 82 

164 

15 6 



±0 30 

±0 22 

±0 05 

±0 16 

±0 23 

±2 

±0 8 



per kilo of rat The figures in parentheses denote the number of rats on whic an 
analyses were performed 

t Standard error of the mean 

by both acid and enzymatic hydrolysis, which increases confidence m tl^® 
specificity of the proposed piocedure 

lUustrahve Data 

Relation between Ribojlainn Intake and Blood Levels in Rats 'Th® ° ^ 
of rats receiving diets contaimng 0 5, 1 0, 1 5, 2 0, 3 0, and ° 
flavin pel gm of diet was analyzed foi iiboflavin (Table IV) 
of these rats was improved by successive addition of riboflavin m 

* Lowry, 0 H , Bessey, O A , and Love, R H , m preparation 
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up to the 3 0 7 pel gra level DeteiminAtions of fiee iiboflavin FMN, and 
!• AD B ere made in duplicate on senim samples Total nboflavm was meas- 
ured ill wlute and led blood cells 

The fiee nboflavm in the seuun of lats on the lowest intake level was 
negligible and inci eased piogiessnely with each successive mciease in the 
iiboflai 111 of the diet A mxiked mciease vas obsei ved at the highest two 
levels of intake In all gioups the seuun FiMN found ivas very Ion and 
\\as not denionstiabh affected bv the diet The FAD m the seium m- 



PiG 1 Serum concentration and urinary excretion of nboflavm of three nell 
nourished human subjects maintained on a low nboflavm diet for 4 days 

cieased about 40 pei cent from the lowest to the lughest intake, i e , much 
less than the fiee riboflavin Therefoie, the changes m the total nboflavm 
values leflect piimaiily the changes in the fiee nboflavm The group re- 
ceiving 10 0 7 of iiboflavin per gm of diet had nearly 4 times the total serum 
nboflavm content of the most deficient group 
The total nboflavm of the white and red cells mcreased 50 and 60 per 
cent respective!}’' as the amount of the vitamin m the diet was increased 
A comparison of the growth rate m these rats with the blood riboflaxm 




m 


biboflavin in blood 



HouP 3 o^tep test dose 


Fia 2 Serum concentration and urinary excretion of riboflavin of three hum 
subjects following ingestion of 2 mg of riboflavin 


values (Table IV) suggests possible diagnostic 
measuiements The lelation between the seiiun 


value foi the riboflavin 
values and the urinary 


evcietion is of interest ^ ^ 

3 The rat urine was analyzed as follows 50 c mm of 4 per cent 

of 3 25 M sodium acetate acetic acid (pH 4 6) were oxidized with 0 c^ 
lainO^ for 1 minute Oxidation was stopped by the " t alcohol and 

cent H.O, 50 mg of (NHd^SO, (previously ;^;;^^fXULaturated 

ether to remove fluorescent substances) and 40 c mm of benzy ^ vigorous 

water were added Extraction of the riboflavin alcohol layer 

shaking of the tube (9) After cemrifu^ging, 20 0 mni °“he b yl^^ and 

pipetted into 0 5 ml of 45 per cent ethyl alcohol °/adue,ble fluorescence 

0 1 N in sodium acetate The riboflavin was measured “ ™^„,anicter The 
compared with an appropriate internal standard m th ^ of 

urine from human subjects ivas O 0 1 ml of HiOi, i 

urine plus 04ml of 3 25 m buffer. 1 ml pipetted into 7 ml 

of (NHdiSO*. and 3 ml of benzyl alcohol, of which 1 or 2 ml 
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Compai ison of So urn and Urinary Levels of Riboflavin in Man— Three 
human subjects lestncted fcheir iiboflavm intake foi 4 days to a level of 
ibovit 0 1 mg pel day The total iiboflavm in the seiimi diopped onlj'^ 8, 
U), and 25 pei cent fiom the initial ]e\e]s for the three subjects, wheieas 
the urmii-j evcietion (5 houi collection penod) decreased to a fourth to a 
half of the initial late® (Fig 1) 

The moining of the otli day, each pei&on leceived 2 mg of iiboflavm with 
hOO ml of watei and a few ciackeis Seium samples weie collected flora 
the fingei aftei 30 minutes and both seium and urine samples iveie taken 
at hourly inteivals thereafter The greatest increase m seium riboflavin 
occuried at 30 minutes (24 to 75 pei cent, Fig 2) An abrupt decrease had 
alieady occuried within an houi following the laige dose Theieaftei, the 
serum levels piomptly leturned to approximatel}’^ imtial vmlues The m- 
ciease in uimaiy iiboflavm output was lelatively much gieatei (30- to 45- 
fold duiing the 1st houi ) and moie piolonged than the changes m the serum 
concentiations This gieatei stability of the seium iiboflavm would, how- 
ever, be of diagnostic value only if the levels m the serum reflect the nu- 
tritional status as they seem to in the lat Unpublished data on a few de- 
ficient subjects studied with Dr L Emmett Holt, Jr , suggest that the total 
iiboflavun m man may be too stable to be of value, but that the fiee serum 
riboflavin may prove useful as a measuie of nutritional status 

SOAUURY 

Methods are desciibed foi the measurement of (1) both fiee and total 
Iiboflavm m 50 c mm of blood serum (25 c ram for total alone), (2) free 
iiboflavnn and flavun-mono- and dinucleotide as separate fractions m 0 2 
ml of serum, (3) total riboflavin m 20 c mm of led cells oi whole blood, and 
(4) total Iiboflavm m white cells and platelets from 0 1 ml of blood De- 
terminations show^ a standaid devaation of 0 08 7 per cent on seium, 11 7 
pel cent on white cells, and 1 3 7 pei cent on led cells Two analysts can 
peifoim 75 to 100 iiboflavm analyses on serum in 2 days, 01 tw'enty-fiv^e to 
50 on red and white cells 

In thirteen adult human sera, fiom presumably adequately nouiislied 
subjects, the average free riboflavin plus FjMN w'as 0 S and the F-iD 2 4 
7 per cent, m the white cells and platelets and m the led cells of twelv e of 
these subjects, the average iiboflavnn content was 252 and 22 4 7 pei cent 
respectively 

Data for the lat aie leported on the lelationship between the nboflavnn 
m the diet and the nboflavm of the serum, red cells, w^hite cells, and urine 

of the 45 per cent alcohol buffer for measurement of the reducible fluorescence The 
oxidation and extraction were designed to avoid interference from reducible fluores- 
cent substances which are o-udused or which are more water soluble than riboflavin 
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LETTERS TO THE EDITORS 


CONCERNING THE .AIECH\NISM OF THE MAMMALIAN 
CONVERSION OF TRYPTOPHAN INTO KYNURENINE 
KANURENIC VOID, VXD NICOTINIC ACID* 

St) s 


The metabolic conveioion of tiyptophau (I) into kynurenine (II)j’ 
kynuienic acid (Ill)r and nicotmic acid (IV)’ (laigely excieted as the 
amide of the N-methyl dei native^) has been demonstiated by feeding 
experiments in a numbei of mammals That kynuienme and 3-hydio\y- 
anthianihc acid aie intei mediates in the lattei conveision has been dem- 
onstiated in Xeurospoia^ 

We have synthesized® Dn-tiyptophan-/S-C“ and aie studying the mecha- 
nism of these convex sions 




CHjCHCOOH 

NH- 


H 


Dii-Tryptophan (I) 
OH / 






COOH 




COCH5CHCOOH 


V\ 


NH, 




Kynurenine (11) 




COOH 




NH 




V 


COOH 


OH 


(I\0 


Kynurenic acid (III) 

* This paper is based on ork performed under contract No W-7405 eng-4S ii ith the 
A-tomic Energy Commission m connection mth the Radiation Laboratorj , University 
of California, Berkeley 

* Butonaudt, A , Weidcl, W , Weichert, R , ind von Derjugiu, , / physiol 
Chem , 279, 27 (1943) 

” Ellinger, 4. , Z physiol Chem , 43, 325 (1904) 

' Huff, J IV , and Perlzweig, W A , / Biol Chem , 150, 395 (1943) 
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TimilNE DESOXYRIBOSIDE AS AN ESSENTIAL GROWTH 
FACTOR FOR LACTIC ACID BACTERIA* 


Sirs 

Recent findings of Shive el al ‘ that thymidine (or a closely related com- 
pound) was highly active in counteractmg giowth inhibition of Leiiconosioc 
mcsenferoides S293 by methylfolic acid in a medium which contained thy- 
mine suggested that conversion of thymine to thymidine might not occui 


Essential Nature of Thymine Desoxyrtboside fo> Certain Lactic Acid Bacteria 





Turbidity t 


Aaaiuons lo Da&ai meaium^ 

1 

Laciohactllus 
Utchmanmt 313 ' 

1 

Lac obactllus 
letchmannn 327 

Leuconostoc 

Citrovorum 

i 

Thymine desoxynboside 

yperlOcc j 

0 1 

99 

99 

89 


2 

90 

86 

72 


4 

81 

74 

58 


10 

57 

57 

41 


20 

64 

47 

37 


100 

47 

47 

37 

Thymine 

100 

99 

99 

84 


* The medium contaiaed, per 10 cc , glucose 100 mg , sodium acetate 100 mg , 
sodium citrate 100 mg , enzymatic casein digest 6 mg , acid-hydrolyzed casein SO 
mg , KjHPO* 30 mg , KH,PO« 30 mg , MgSOi 7H,0 28 mg , MnSO, H.O 6 mg . 
FeSOi 7HjO 1 7 mg , Tween 80 10 mg , oleic acid 0 1 mg , asparagine 1 mg , dl- 
tryptophan 1 0 mg , L-cystme 2 mg , p-aminobenzoic acid 1 y, biotin 0 03 7 , pteroyl- 
glutarruc acid 0 I 7 , niacin 10 7 , calcium pantothenate, pyrido\al,pyrido\amine,and 
thiamine 2 7 each, riboflavin 4 7 , adenine, guanine, and uracil 100 7 each Acid- 
hydrolyzed and enzymatically digested caseins were charcoal-treated preparations 

t Per cent of incident light transmitted, uninoculated medium = 100, incubation 
time, 20 to 24 hours at 37° No growth without thymidine occurred, even though 
incubation was continued for 3 days 

m ceitain lactic acid bacteria, and that thymidine might therefore be es- 
sential for growth of some of these organisms m the absence of growth 
inhibitors 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station Supported in part by a grant from the United States Pubhc 
Health Service We are mdebted to Dr William Shive and Dr Walter C Schneider 
for samples of thymme desoiynboside, and to Dr Shive for information about his 
experiments in advance of their pubhcation 

» Shive, W , Ealon, B E , Hardmg, W M , Havel, J M , and Sutherland, J E , 
J Am Chem Soc , 70, 2299 (1948) 
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This compound was consequently tested foi its abihty to leplace uni- 
dentified natuial extiacts lequired foi giowth of seveial lactic acid bacteria 
m media of knoira composition Fiom the table it is apparent that thy- 
mme desoxyiiboside is an essential giowth factor foi several organisms of 
this gioup Similai data show that it also peimits growth of several 
strams of Lactohacillm acidophilus in a similar medium Thynune is 
mthout activity foi each of these oi ganisms, and the medium contams an 
excess of folic acid 

These data indicate a faiily wide-spiead lequiiement foi this compound 
among that gioup of lactic acid bacteiia which have pieviously failed to 
grou in media of known composition 

Department of Biochennstrij Esiiosn E &NtLL 

University of tEiscoasia Estelle Kitay 

Madison Walter S McNutt 

Received for publication, June 6, 1948 



THE ABILITY OF THYIVIIDINE TO REPLACE VITAMIN Bu AS A 
GROWTH FACTOR FOR CERTAIN LACTOBACILLI 


Sirs 


Shive etal '■ recently have leported the isolation from liver of a ciystallme 
factor functionally i elated to folic acid Piehmmary mvestigation of the 
stiuctuie by Di Shive indicates that the compound is thymidme (thymine 
desoxyriboside) Di Shive has kindly furnished us with a sample of the 


Esperunent iso 

llaterial per tube assayed 

Turbidity 



y 


1 

None 


0 


Liver concentrate 

80 

4 



160 

20 



240 

41 



400 

104 


Thymidme 

0 4 

15 



0 8 

43 



1 2 

106 



2 0 

130 

2 

None 1 


0 


Liver concentrate 

16 

1 29 



32 

60 



64 

98 



160 

137 


Thymine 

1 

2 

4 

1 



3 

4 



6 

6 



100 

10 



200 

0 



300 

1 



1 500 

5 


The medium was that ot wngac anu --- 

biotin, 100 y of folic acid, 500 mg of nont-treated tryptic jea o c 
Tween 80, and 10 ml of clarified tomato juice per 100 ml of double strength medium 

isolated factoi for miciobiological study We have found that foi certam 
lactic acid bacteria thymidme is able to replace the ^ amm 

Bio 2 The data obtamed with Lactobacillus lactis (ATCC 8000) are bemg 
reported together with oui inteipretation of these findmgs 
^ Shive, W , Eakin, R L , Harding, W M . Ravel, J M , and Sutherland. J E , 

J Am Chem Soc , 70. 2299 (1948) ^ t, K 

“ Rickes, E L , Brink, N G , Komuszy, F R . Wood, T R , and , , 

<S«ence, 107, 396 (1948) „ „ , ka q:; noni 

’Wright, L D , and Skeggs, H R , Proc Soc Exp Biol and Med , 68. (1014) 
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The table demonstrates that growth compaiable to that obtained witli 
hver IS observed in the presence of 0 4 to 2 0 y of thymidine per tube 
Thymine is inactive under these conditions Obviously, from the com- 
paratively large amounts of thymidme required for optimal growth of the 
organism, thymidine is not vitamm Bu We mteipret these data as 
indicatmg that vitamm functions as a coenzyme in carrying out re- 
actions concerned with conversion of thymine to thymidine, since m the 
presence of thymidme the vitamm no longei is requiied by Laclobaallns 
lacks 

By analogy the mici obiological evidence lepoited in this paper mdicates 
that the primary biochemical defect m peimcious anemia may well be 
inability to synthesize ceitam nucleosides, particularly thymidme, from 
parent puiines or pyrimidines Thus it would appear that the cuiative 
effects observed m this disease with folic acid ai ise from increased thymine 
synthesis,'* which by mass action effects yields more thymidme The 
effectiveness of laige amounts of thymine in pernicious anemia® similarly 
may be explained 

Medical Research Division 
Sharp and Dolme, Inc 
Glenolden, Pennsylvania 

Received for publication, June 7, 1948 


* Stokes, J L , J Bact , 47, 27 (1944) 

“ Spies, T D , Vilter, C F , Cline, J K , and Frommeyer, W B , Southern Med 
J , 39, 269 (1946) 
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MYOSIN AND ADENYLPYROPHOSPHATASE IN INSECT 

MUSCLE-* 


In the course of an investigation on the adenylpyrophosphatase of insect 
muscle, preparations of myosm (thiice piecipitated by the method of 
Bailey^) weie found to have a veiy low activity (0 to 360 y of phosphoius 
split off per mg of piotem nitiogen m 5 mmutes at 37°) An exammation 
of the steps of the method levealed that a large part of the adenylpyio- 
phosphatase activity had been washed out of the myosin at the first pre- 
cipitation 


Enzyme preparation 

Experiment No 

Total protein N 

Activity 

Myosin (once pptd ) 

1 

ms 

73 5 

y Per mi N 
per S min 

260 


2 

540 

360 

Supernatant from Ist pptn (20 vol- 

1 

38 9 

490 

umea) 

(30 volumes) 

2 

341 

710 

Myosm (thrice pptd ) 

1 

13 8 

280 


2 

13 3 

230 


In the method used, the thoraces and hmd femora of grasshoppers were 
ground -with 5 volumes of a salt solution contammg KCl (0 5 m) and 
NaHCOs (0 03 n), and extracted for 1 hour m the cold The msoluble ma- 
tenal was spun off, and the myosin precipitated from the extract by dilutmg 
with 20 to 30 volumes of cold water of pH 7 0 After standmg, the myosm 
was centrifuged down and dissolved m 0 05 M veronal-HCl buffer, pH 8 0, 
contammg 0 5 m KCl Enzyme activity was tested agamst either rabbit 
or grasshopper ATP at pH 8 0, m the presence of excess substrate and 
0 001 M MgClo 

The distribution of adenylpyrophosphatase actmty between the myosm 
and the supernatant solution is shown m the table About 50 per cent 
of the total apyrase was washed from the myosm and remained m aqueous 
solution, the actmty of the enzyme per mg of mtrogen bemg consistently 
higher m the supernatant solution Repeated precipitation of the myosm 

* The work described m this letter was earned out as part of the research program 
of the Division of Economic Entomology of the Council for Scientific and Indus- 
tnal Research, Australia 

' Bailej , K , Bwthem J , 36, 121 (1042) 
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reduced the residual adenylpyiophosphatase activity only slightly (see the 
table), m any expeiiment wheie theie was a \eiy maiked reduction (eg, 
aftei four precipitations) the possibility of inactivation of the enzyme could 
not be discounted 

Similai lesults w'eie obtained when myosm was precipitated by dialysis 
against 0 005 Ji vei onal buffei (method of Smgher and iMeister-) By usmg 
this method it was possible to obtain concen tinted aqueous solutions of 
the adenylpyiophosphatase 

The lack of a finn. imion betw'een adenylpyiophosphatase and myosm 
wms confiimed by testmg simple watei evtiacts of muscle It was found 
that moie than haK of the total apyrase activity was present m the watei 
extract, as compared wuth less than one-tenth of the total m rabbit muscle 
(Needham^) 

Furthei work on the puiification of the adenylpyiophosphatase is m 
pi ogress Pi epai ations so far obtained split both labile phosphates from the 
ATP molecule, and no evidence has been found that more than 1 enzyme 
is involved Grasshopper muscle also contains an enzyme which hy- 
diolyzes sodium pyrophosphate This may be sepaiated from the adenyl- 
pyrophosphatase by ammonium sulfate fractionation 

Council for Scientific and D Giuiora 

Industrial Research 
Canberra, Australia 

Received for publication, June 11, 1948 


’ Smgher, H O , and Meister, A , J Biol Chem , 169, 491 (1945) 
’ Needham, D M , Biochem J , 36, 113 (1942) 



THE EFFECT OF 3-HYDROXYANTHRANILIC ACID ON THE 
EXCRETION OF NIACIN BY THE RAT 

Sirs 

Recent woik by iMitchell and Nyc* on the synthesis of niacm by the 
mold Newospoia shows that this S3’nthesis pioceeds fiom tryptophan 
through kynmenine and 3-hydio\yanthianiIic acid as intei mediates The 
r61e of tiyptoplian as a piecursoi of niacin in rats has been consideied, foi 
example, by Ivrehi et aJ but Elimgei and Abdel ICadei’® concluded that 
this was a veiy unlikel 3 '’ pathway on chemical giounds Rosen et al w^eie 
unable to demonstiate an increase in end-products of niacin metabolism 


Diet 

Average eic 
rat p( 

Apr 20-23 

Tction, 7 per 
it day 

Apr 23-26 

Niacm 

N>. 

Methyl 

mco- 

tina- 

imde 

Niacm 

N> 

Methyl 

OICO- 

tma- 

mtde 

Basal* 

2 6 

4 0 

5 8 

4 1 

“ + 0 02 mg niacin per 100 gm 

12 0 

44 4 

14 0 

34 9 

" + 1 mg tryptophan per 100 gm 


31 5 

12 0 

39 6 

“ -h 0 1 rag 3-hydroxyanthranilio per 100 gm 

2 9 

2 0 

4 0 

75 

“ -f 1 mg 3-hydroxyanthranilic per 100 gm 




56 6 


* The basal diet consisted of approximately 91 per cent white corn-meal and 9 pe*" 
cent casein The niacm content of the basal diet was 450 y per 100 gm , as shown 
by microbiological assay 


after feeding liynurenme to lats, and Bonnei-* repoited prehmmary studies 
mdicatmg that 3-hydroxyanthianiIic acid would not replace niacm m rat 
growth 

Mitchell and coworkeis* have, however, concluded experiments demon- 
stratmg that the growdh of rats on a commercial casein diet is greater w'hen 
the diet is supplemented with S-hydroxyanthramlic acid (1 mg per 100 
gm of diet) than when supplemented with tryptophan at the same level 

* Mitchell, H K , and Nyc, J F , Proc Nat Acad 5c , 34, 1 (1948) 

® Krehl, W A , de la Huerga, J , and Elvehjem, C A , / Biol Chem , 164, 551 
(1946) 

’ Ellinger, P , and Abdel Kader, M M , Nature, 160, 675 (1947) 

* Rosen, F , Huff, J W , and Perlzweig, W A , / Nulr , 33, 561 (1947) 

‘ Bonner, D , Proc Nat Acad 5c , 34, 5 (1948) 

* Mitchell, H K , Nyc, J F , and Owen, R D , / Biol Chem , in press (1943) 
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Small amounts of hydroxyanthranilic acid, howevei, produced no giowth 
response 

The rats used for the growth experiments of Mitchell et al “ were made 
available to us for metabolism studies ^ The rats were contmued on the 
experimental diets ad libitum, and urine was collected for two 72 hour 
periods Urine samples from four rats m each gioup were pooled for 
analysis Niacin was determined by microbiological assay (Hawk, Oser, 
and Summerson^) vnthout hydrolysis, and N^-methylnicotmamide by the 
fluorometric method of Huff and Perlzweig “ The results are presented m 
the table 

These results, taken in conjunction with the growth studies of Mitcheli 
et al ,® indicate that 3-hydro\yanthranilic acid, is capable of replacing 
tryptophan in the biosynthesis of niacin in the lat In view of the fact 
that tryptophan, Icynurenme, and 3-hydroxyanthranilic acid vail support 
growth in various mutant strains of N’eurospora, that tryptophan and 3 
hydroxyanthranilic acid -will replace niacm for growth m the rat, and that 
admmistration of tryptophan or 3-hydroxyanthranilic acid lesults in an 
mcrease in the excretion of niacm and its metabolites, there appears to be 
no reason to doubt that the synthesis of niacin in the rat proceeds from 
tryptophan through 3-hydroxyanthranilic acid as an intermediate 

Department of Biochemistry and Nutrition PattIi W Albebt 

University of Southern California Bbadley T Scheeb 

School of Medicine Habbt J DeoeI'. Jb 

Los Angeles 

Received for publication, June 21, 1948 

1 We are indebted to Dr Mitchell, Dr Nyc, and Dr Owen of the California In 
stitute of Technology for supplying the diets and groups of rats, irnmediately fo 
lowing the completion of their growth experiments 

s Hawk, P B , Oser, B L , and Summerson, W H , Practical physiological chemis 
try, Philadelphia, 12th edition, 1095-1097 (1940) 

» Huff, J W , and Perlzweig, W \ ,J Biol Chem , 167, 157 (1947) 


A NEUROSPOKii MUTANT DEFICIENT IN THE ENZYMATIC 
SYNTHESIS OF TRYPTOPHAN'' 


Sira 

Until recently there has been no demonstrated case m Neurospora in 
which the loss of activity of an essential enzyme could be attributed to 
gene mutation It has been assumed fiom mdirect evidence* that gene 
mutations do cause such losses and thereby lesult m “blocks” of essential 
biochemical reactions The pioducts of the “blocked” Reactions thus be- 
come essential giowth substances for the mutants The first success m 
obtaming direct evidence to support the above assumption has been at- 
tamed by Wagner and Guiiard* m studies on the enzymatic synthesis of 
pantothenic acid by cell-free extracts of Newospora 


Enzymatic Synthesis of Tryptophan mlh 5 Ml of Crude Enzyme Containing S S4 Mg 
of Indole, S 0 Mg of dl Serine, and 0 1 Mg of Pyndoxal Phosphate 
Total volume, 10 ml , 5 hours reaction at 37® 


Experiment No 

Stram used for enzyme 
preparation 

Tryptophan produced j 

Indole converted 



Wi j 

per cent 

1 

Wild type 8A 

1 30 

82 


C-83 

0 00 

! 0 


10,575* 

1 0 99 

24 

2 

Wild type 6A 

2 50 

62 


C83 

0 00 

0 


39,410* 

2 15 

53 


* Tryptophan-requiring strains of a different genetic constitution from that of 
strain C-83 


Recently, as a result of the development of a method for selecting specific 
mutants,’ a second example of a loss of enzyme activity as the result of a 
gene mutation has been discovered A mutant was obtamed that re- 
quired tryptophan for growth but could not utilize mdole Cell-free ex- 
tracts of this mutant (strain C-83) lack the ability to couple indole and 
serme to give tryptophan As reported by Umbreit, W ood, and Gunsalus,* 

* This work was supported in part by a grant from the Hockefeller P oundation, and 
in part under contract with the Office of Naval Research, United States Navy 
Department 

* Beadle, G W , Physiol Rev , 25, 643 (1946) 

* Private communication, m press 

‘ Lem, J , MitcheU, H K , and Houlahan, M B , Proc Nat Acad Sc , in press 
(1948) 

‘ Umbreit, W W , Wood, W A , and Gunsalus, 1 C ,J Biol Cktm , 165, 731 (1941) 
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the enzyme system capable of carrymg out this reaction can be extracted 
from ivild type Neurospoia Pyudoxal phosphate is required as a co- 
enzyme 

In the present work, crude enzyme prepaiations have been made as 
described by the pievious investigatois ^ The yield of tryptophan from 
the enzymatic reaction was deteimined by using mutant C-83 as an assay 
organism This stiam icquires tiyptophan foi giowth and is neither 
stimulated noi inhibited by indole, anthianilic acid, kynuienme, 3-liydroxy- 
anthranilic acid, oi nicotinic acid ® Some of the data that have been 
obtained are summaiized in the table 
Although not included in the table, contiols veie earned out to show 
that the ciude enzyme piepaiations did not contain an assayable quantity 
of tryptophan unless they weie incubated m the presence of indole and 
serine As shown m the table, a prepaiation from stiam C-83 contamed 
no tryptophan even when incubated m the presence of indole, serine, and 
pyndoxal phosphate 

We are mdebted to Dr I C Gunsalus for the pyndoxal phosphate used 

Kerckhoff Laboratories of Biology Herschec K Mitchbu 

California Institute of Technology Joseph Lein* 

Pasadena 

Received for publication, June 23, 1948 


‘ Mitchell, H K , and Nyc, J F , Proc Nat Acad iSc , 34, 1 (1948) 
• Merck Fellow 



EVIDENCE FOR THE NATURAL OCCURRENCE OF 
a-AMINO-;8,/3-DIMETHYL-7-HYDROXYBUTYRIC 
ACID (PANTONINE) 

Sirs 

Pantonine, Q:-amino-;3,/3-dunethyl-7-hydioxybutyiic acid, has been pro- 
posed as a metabolic intei mediate m the biosynthesis of pantoic acid 
It has been demonstiated that this ammo acid is biologically active m 
n ullif ying the tOMC effect of salicylic acid on Escherichia coh ^ 

In studies with the technique of papei chiomatogiaphy, it was found 
that m seveial solvents the migiation of synthetic pantomne closely fol- 
lowed that of a-ammobutyric acid Since Poison,- usmg the same tech- 
nique, lepoited an unlmown amino acid m acid-hydrolyzed Escherichia coh 
cells with migiation chaiacteiistics also similai to a-ammobutyric acid, 
an investigation was made to determme whethei this hydrolysate would 
seive as a natuial source of pantonine 




Rp values m solvents 


Ammo acids 

Iso butyric 
acid 

Phenol 

2, Lutidme 

2,4 6- 
CoUidme 

Unknoiin 

63 

69 

48 

43 

Dii-Pantonine 

63 

69 

48 

43 

DL-ci£-Aminobut 3 aic 

61 

I 64 

38 

40 

39 

37 

DL-a Aminoisobutyric 

59 

1 68 


The capillary ascent modification* of the papei chiomatographic tech- 
nique was used and the positions of the ammo acids were mdicated by 
developing a color with ninhydim The table contams the R, values 
obtained foi certain ammo acids, mcludmg the unknown one with a number 
of solvents The hydrolysate was prepared by aUowmg the bacterial ceUs 
to stand 4 days m 6 n hydiochlonc acid at room temperature This 
hydiolysate was biought to diyness on a steam cone and freed of chloride 
ions with silvei carbonate The concentrate was paper-chromatographed 
in isobutyiic acid and that section of the chromatogram coiresponding to 
pantonine v as eluted v ith v ater to supply the mateiial used m determining 
the migration of the unknovm m colhdme, lutidme, and phenol 


1 4ckermauu, W W , and Shive, W , J Btol Chem , m press 
•Poison, 4 , Nature, 161, 351 (1948) 

• Williams, R J , and Kirby, H , Science, 107, 481 (1948J 
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From the table it will be observed that, in 2,6-lutidme, a-ammobutync 
acid and a-ammoisobutyric acid migrate more slowly than synthetic 
pantomne oi the unknown material The Rr values ob tamed for the un- 
known m isobutyric acid and phenol coiiespond to no Imown naturally 
occurrmg ammo acid noi to norvaline oi noileucme In the four solvents 
tested, the Rr values of the unknown and synthetic pantomne are m agree- 
ment 

These data mdicate that acid-hydiolyzed EsJienclna coh cells contain, 
ns previously repoided, at least one unknown ammo acid, this acid is not 
a-ammobutyiic acid but, in foui solvents tested, behaves like pantomne 
As a result of these data an effort to isolate this material from acid hydrol- 
ysates of Escherichia coh cells has been undertaken ivith papei chromatog- 
raphy as"an assay method 

Biochemical Institute of The University of Texas W W Ackebiunn 

and the Clayton Foundation for Research Helen Kibbt 

Austin 


Received for publication, July 3, 194S 



THE NATURE OF BACITRACIN 

Sirs 

It has proved feasible to study bacitracin by counter-current distribu- 
tion in sec-butanol-l 7 per cent aqueous acetic acid Material from a 
commercial source/ assajnng 46 u per mg , gave a major band (83 per cent 
of sample) and two smaller bands Bioassay® of the fractions gave a smgle 
band superimposable on the major band shown by weight analysis Hy- 
drolysis of the major band and subsequent paper chromatography revealed 
nine ammo acids 

The material in the major band could be recovered without loss of ac- 
tivity by lyophilization A hygroscopic white powder (activity = 57 u 
per mg) which had little or no optical activity was thereby obtamed 
Redistribution of this material gave only a smgle band The polypeptide 
nature of the active prmciple is thus strongly mdicated 

In an experiment designed to permit isolation of some of the individual 
acids, 3 gm of the ciude material were hydrolyzed with 6 m HCl at 100° 
for 22 5 hours, evaporated, and the remaimng halogen removed with silver 
acetate and the silver with HaS After evaporation the mixed free ammo 
acids were studied by counter-current distribution m a 54 tube apparatus 
with the system sec-butanol-30 per cent aqueous ammomum acetate con- 
tainmg about 7 per cent ammoma With the smgle withdrawal technique® 
and 300 transfers, five bands appeared in the withdrawn section of the 
curve The first band emergmg was a crystalline dipeptide with little or 
no optical activity, but which contamed phenylalanme and isoleucme 

Calculated C 64 72, H 7 96, N 10 06 
Found “ 64 37, " 8 08, “ 9 89 

Van Slyke NHj, calculated, 5 04, found 5 05 

The next band was a peptide which apparently contamed phenylalanme 
and onuthme The third band proved to be racemic phenylalanme 
Leucme, [aj^® = -6° ((7 = 1 0 m HjO), -fl4° (U = 0 66 m 13 per cent 
HCl) was isolated from the fourth band Isoleucme, [a] p® = d-4° (C — 

1 35 m HoO), 4-18° (U = 0 9 m 13 per cent HCl) was isolated from the fifth 
band The material not as yet withdrawn from the apparatus contamed 
mixtures of the other ammo acids 

It would appear that at least part of the ammo acids of bacitracm are 

^ Sample kindly supplied by the Commercial Solvents Corporation, Terre Haute, 
Indiana 

’ We are indebted to Dr R E Bennett and Mr G H Craig of the Commercial 
Solvents Corporation for the bioassays 

* Craig, L C , 7 Biol Chem , IBB, 519 (1944) 
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From the table it will be observed that, in 2,b-luticline, a-aminobutync 
acid and a-aminoisobutyiic acid migrate more slowly than synthetic 
pantonme or the unknown material The Ry values obtamed for the un- 
known m isobutyric acid and phenol coi respond to no Imoivn naturally 
occurrmg ammo acid nor to norvalmc oi norleucme In the four solvents 
tested, the Ry values of the unknown and synthetic pantonme are in agree- 
ment 

These data indicate that acid-hydiolyzed EsJienckta coh cells contam, 
as previously reported, at least one unknown ammo acid, this acid is not 
a-ammobutyiic acid but, m foui solvents tested, behaves like pantonine 
As a result of these data an effort to isolate this material from acid hydrol- 
ysates of Escherichia call cells has been undei taken with papei chromatog- 
raphy as'an assay method 

Biochemical Institute of The University of Texas W W Ackeruann 

and Ike Clayton Foundation for Research Helen Kibbt 

Austin 


Heceived for pubbcation, July 3, 194S 



REVERSIBLE INACTIVATION OP ALKALINE 
laDNEY PHOSPHATASE 


Sirs 

Albeis et al ^ postulated the existence of a prosthetic group of phospha- 
tases and supplied expenmental data to show that the dissociation of the 
holoenzyme into coenzyme and apoenzyme was dependent on the pH of its 
solutions Albers- mactivated alkalme kidney phosphatase by dialysis 
and observed partial reactivation on addition of dialysate to the mcubation 
mixture He concluded that phosphatase contains a dialyzable prosthetic 
group Von Euler and Hahn’ mterpieted the partial reactivation of m- 
testinal phosphatase (inactivated by dialysis at pH 4 5) by the addition of 
boiled enzyme as proof for the existence of a .dialyzable orgamc cophos- 
phatase Roche et al * found that incubation with ammo acids m alkahne 
solution reactivated dialyzed mtestinal phosphatase 

Experiments earned out in this laboratory revealed that mere mcubation 
with alkahne buffer (pH 9 5) was considerably more effective m reactivatmg 
dialyzed alkalme kidney phosphatase than was the addition of dialysate 
Furthermore, no sigmffcant difference m the late of mactivation was ob- 
served, whether phosphatase m slightly acid solution was dialyzed or merely 
stored at 4° The effectiveness of dialysate to restore activity decreased 
durmg the course of dialysis This was not due to a chemical change of the 
dialysate but to a dimimshmg response of the protem, as was seen by com- 
parmg the effect of fresh and aged dialysates on phosphatases at various 
stages of dialysis 

Our observations do not support the theory of the existence of a dialyz- 
able cophosphatase Dialysis probably removed activators and not a 
prosthetic group Denaturation of protem may be mainly responsible for 
the inactivation of alkalme kidney phosphatase durmg dialysis A partial 

* Albers, H , Beyer, E , Bohnenkamp, A , and Muller, G , Ber citem ges , 71, 
1913 (1938) 

’ Albers, D , Z physiol Chem , 261, 43, 269 (1939) 

’ von Euler, H , and Hahn, L , Expertenlta, 3, 412 (1947) 

■* Roche, J , van Thoai, N , and Roger, M , Compt rend Soc btol , 138, 053 (1944) 
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revel sal of tins denaturation by incubation in alkaline solution would ex- 
plam the restoration of activity without addition of dialysate 


1 

1 



j 


Mg P liberated per hr per mg enzyme 

Eiperiment j 
No i 

Hrs 

dialyzed 

Hra stored 

Tempera 

ture 

pH of 
dialysis 

No 

oddiUon 

Dialysate 

added 

Incubated 
2brs, 
pH 9 no 
addition 




C ' 

1 

1 



s-c 


21 

37 1 

7 0 

1 9 12 

1 


8-D 

21 


37 , 

7 0 , 

1 6 99 i 


8 63 

5-C 


72 

37 

7 0 

‘ 8 54 



5 D 

72 ' 


37 

7 0 ! 

151 

1 63 

4 26 

3-C 

i 

137 

4 

7 0 

9 06 



3-D 

137 


4 1 

7 0 

5 59 

6 34 

8 22 

18-CN ^ 

j 

71 

4 1 

7 0 

8 69 1 



18-C5 1 


71 

4 1 

5 4 

0 95 ' 


6 90 

18-D5 

71 1 


1 1 

5 4 ; 

0 78 j 

0 96 

4 97 

18-C4 ' 

1 

142 

1 


0 25 ; 

1 

3 38 

18-D4 1 

71 ' 

71 I 

4 

4 2 * 

0 26 1 

1 

3 50 

21-C 


71 

4 1 

9 6 1 

8 70 1 

1 

7 88 

21-D 

71 ' 


4 { 

9 5 1 

8 32 ! 

8 16 1 

7 SS 


Purified alkaline kidney phosphatase was prepared according to Albers and A1 
bers ‘ Activities were determined according to Bodansky,* except that a different 
barbital buffer’ (pH 9 5) was used and MgCl* was added (0 005 mole per liter) 
Inorganic phosphate was determined photoeiectrically by the method of Fiske and 
Subbarow ® The dialyzed enzyme solutions were reactivated by incubation for 2 
hours at 37° with barbital buffer’ (pH 9 5), in the absence of magnesium ions 

Chemical Research Laboratory, Alton Ochsner Otto Schales 

Medical Foundation, and the Department Godfret E Manv 

of Biochemistry, Tulane University 
School of Medicine 
New Orleans 
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THE EFFECT OF VITAMIN DEFICIENCIES UPON THE 
METABOLISM OF CARDIAC MUSCLE IN VITRO 

I THE EFFECT OF THIAMINE DEFICIENCY IN RATS AND DUCKS* 

By ROBERT E OLSON, OLOF H PEARSON, O NEAL MILLER, and 

F J STARE 

(From (he Department of Nulnlion, Harvard School of Puilic Health, and the 
Department of Biological Chemtstrp, Harvard Medical School, Boston) 

(Received for publication, April 22, 1948) 

Studies With several species have shown that dietary restriction of thia- 
mine results m the fall of tissue cocarboxylase levels and impairment of 
P3nuvate metabolism Although it appears that caidiac muscle is pecu- 
liarly sensitive to deprivation of thiamine (1-3), the degiee to which pyru- 
vate utilization m this tissue is impaired m thiamme deficiency has not been 
ascertamed Sherman and Elvehjem (4) showed that minced heart tissue 
from polyneuritic chicks gave a decreased oxygen uptake m lactic acid and a 
decreased late of lactate removal when compared with contiols Sure and 
DeWitt (5) observed a similar decrease m the oxygen consumption of 
minced heart tissue from thiamme-deficient rats m lactate Muus, Weiss, 
and Hastmgs (6) noted that, while the oxygen uptake of ventricular tissue 
from thiamme-deficient rat heart showed no change from normal in a glu- 
cose medium, there was a sharp drop m the oxygen consumption of amicular 
tissue from deficient rats 

Although Peters and his associates were able to lestore the depressed 
respiration of bram nunce from polyneuritic pigeons m a lactate or pyruvate 
medium by addition of the vitamm tn vitro (7, 8), Thompson (9) was un- 
able to obtam the same effects with the addition in intro of thiamme to 
vitamm-deficient heart muscle suspensions 

The object of the present study was to obseiwe the effects of thiamine 
deficiency upon the metabohsm of cardiac tissue, both ventricle and auricle, 
from rats and ducks The duck is a fast growing bird particularly suited 
for these studies because it grows well on a purified diet and requires a 
relatively short period to develop typical signs of avitanunosis upon witli- 
diawal of a given member of the vitamm B complex (10) The plan of the 
study was to compare the rates of oxygen consumption, pjTUiate disap- 
pearance, and lactate formation in cardiac muscle shces from deficient and 
contiol animals and birds, to determine the eftect of thiamme added in 

* Supported in part by grants-m-aid from the Life Insurance Alcdical Research 
Fund, New York, the Nutrition Foundation, Inc , Nen A ork, the Xlilbank Memorial 
Fund, Nei\ York, and Swift and Company, Inc , Chicago 
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vtlro to deficient tissues, and to correlate, if possible, the thiamine content 
of ventiicle with its pyruvate utilization 

EXPERIMENTAL 

Albino rats and white Pekin ducklings were used in these expenments 
Male rats weighing about 100 gra were divided into control and experi- 
mental gioups, placed in individual cages, and fed the following diet ivith 
and without added thiamine casein IS per cent, dextrose 72 6 per cent, 
salts (11) 4 per cent, coin oil 3 pei cent, cod liver oil 2 per cent, cystine 0 2 
per cent, choline chloiide 0 2 per cent Crystalline vitamins were added 
m the folloinng quantities per 100 gm of diet riboflavin 600 y, pyndoxine 
400 7 , calcium pantothenate 1 6 mg , niacin 2 0 mg , p-aminobenzoic acid 
10 mg , mositol 20 mg , and biotin 10 y Thiamine was added to the con- 
trol diet at a level of 400 y pei 100 gm of diet and both groups were fed 
ad libitum Newly hatched ducklmgs were placed m heated, raised bottom 
cages and fed a commercial mash diet for 7 days, at which time they aver- 
aged 150 gm in weight They weie then divided into control and expen- 
mental groups and fed the following diet with and without added thiamine 
casern 18 pei cent, gelatin 10 per cent, Cellu flour 3 per cent, dextrose 50 per 
cent, corn oil 10 2 per cent, cod liver oil 2 0 per cent, salts (11) 5 per cent, 
CaHPOi 1 0 per cent, choline chloride 0 3 per cent, a-tocopherol in com oil 
(10 mg per mi ) 0 5 per cent Crystalline vitamms weie added m the fol- 
lowing quantities per 100 gm of ration riboflavin 800 y, pyridoxine 400 y, 
calcium pantothenate 2 0 mg , niacm 4 0 mg , biotin 20 y, fohc acid 100 Y» 
and 2-methyl-l,4-naphthoquinone 100 y Thiamme was added to the 
control diets at a level of 400 y per 100 gm of diet In order to evaluate 
the effect of mamtion, the contiol duclsB were divided into three groups 
One control group was pair-fed with the deficient buds, another group fed 
ad libitum, and a thud gioup fed ad libitum through the period required for 
opisthotonos to develop m the deficient group and then fasted 48 hours 
The pair-fed series was injected intrapei itoiieally with 150 y of thiamiue 
daily when the food consumption dropped below 20 gm per day Dm 
food consumption and growth records were kept on all birds 

The direct method of Waiburg was used for the determmation of oxygen 
consumption The procedure for the preparation of the rat tissue shces 
and the composition of the medium used in the rat experiments have b^n 
described by Pearson, Hastmgs, and Bunting ^ The methods used m ® 
duck experiments were similar except that the medium contame 
mM per liter of phosphate mstead of 7 5 mw per liter and contained ^ 
ciinn The period of measurement of oxygen consumption m the u 

1 Pearson, 0 H , Hastmgs, A B , and Bunting, H , in preparation. 
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experiments was 1 hour, m the rat expenments it ranged from 80 to 100 
minutes The gas phase in all experiments was oxygen 
Sodium p3TUvate uas piepaied fiom fieshly distilled pyruvic acid by 
neutralization with NaHCOs to pH 6 5 and crystallization from ethanol 
The final concentiation of pyiuvate in the flask in all exTieriments was 5 
roM per liter In the rat expei iments the pyruvate w as present at the time 
of addition of the tissue, in the duck expenraents it was added from the 
side arm at the time of the fiist raanometiic reading (zeio time) When 
glucose w'as used as a substrate, it was initially present at a level of 0 2 pei 
cent In studies on the effect of thiamine, the vitamin was initially piesent 
m the medium at a concentration of 50 y per ml Tissue reactions were 
stopped at the end of the period of incubation by addition of 0 2 ml of 100 
per cent trichloroacetic acid per flask 
Pyruvate ivas detei mined by the diiect method of Friedemann and Hau- 
gen (12) on the tnchloioacetic acid filtrate and the rate of pyruvate disap- 
pearance expressed in terms of —Qpitu^iie (mierohters of pyruvic acid dis- 
appearing per mg of dry w'eight of tissue per hour) A determination of 
the total hydrazones from vessels containing slices of ventricle which had 
been incubated for 1 hour without added substiate indicated that the 
amount of keto acids formed in the absence of added pyruvate is very small 
(of the order of 0 2 mM pei flask) and would not introduce an appreciable 
error m the calculation of pyruvate disappeai ance fi om the total hydrazones 
obtained before and after incubation of heart slices in a medium containing 
5 mM per liter of pyruvate originally Lactate was determine by t e 
method of Barker and Summeison fl3) on the same tnchloioacetic aci 
filtrate and the rate of lactate formation expressed in terms of 
(mierohters of lactic acid formed per mg of diy weight of tissue per “Our) 
The latter values were calculated on the assumption that the lactate found 
at the end of the run had been formed during the period from the time of 
addition of the tissue to the flask at the beginning of the experiment until 
the time of addition of trichloroacetic acid at the end 

For the determination of the thiamine content of duck ventricle, slices 
were prepared as for the respiration studies and ground in a Potter homog- 
enizer with 9 volumes of water, boiled, frozen, and fina y ana yze or 
thiamme by the thiochrome method of Wang and Hams (14) a ter y ro 
ysis with taka-diastase at pH 4 5 


Results 

Calculation of Net Pyruvate Utilization— Since it wus evident m the earlj 
experiments of this study that the amount of oxygen require o um o 
completion the pyruvate disappearing from flasks contaming normal heart 
ventricle slices with added pyruvate was greater than the total oxygen con- 
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sumption of the slices m the period of measurement, it appeared thatpyiu- 
vate was being converted to pioducts other than carbon dioxide and water 
Analysis foi lactate showed that a certam mciement of this pyruvate dis- 
appearance (about 10 to 20 per cent) could be accounted foi by reduction to 
lactate An attempt, therefoie, was made to coirect the total pyruvate 
disappeaiance for the fiaction reduced to lactate This coriected value has 
been called the net —Qpiruvata and is calculated m the followmg manner 
The value foi Qhctato obtained m the absence of added substrate for a 
given ven tilde is subtracted fiom the value of Qnctata obtamed in the 
presence of added pyiuvate to obtain an approximation of the increment of 
pyruvate convei ted to lactate pel mg of diy tissue per horn This quan- 
tity IS then subti acted fiom the total — Qpyruvato to obtain the net 
— Qpyru^ato 01 the microliters of pyiuvate convei ted to non-lactate prod- 
ucts per mg of diy tissue per houi It is assumed m these calculations 
that the whole diffeience m lactate accumulation in the flaslcs to which no 
substrate was added and those to which 5 mM per htei of p 5 uuvate were 
added represents the amoimt of pyiuvate which was reduced to lactate 
during the incubation Other expeiiments, however, have indicated that 
the amount of pyiuvate reduced to lactate is actually less than this because 
of the giadual oxidation of lactate m vessels to which no substrate was 
added In the vessels with added pyiuvate no such oxidation occurs 
This w'ould tend to dimmish somewhat the chffeiences between total pyru 
vate disappearance and net pyiuvate disappearance and, if anythmg, w- 
ciease the significance of the diffeiences obseived between contiol and de- 
ficient animals Quantitative data on the pyruvate-lactate lelationship » 
tissue slices fiom heart as a function of time will be submitted in a separate 
communication 

Expel unents with Rais — Mean gioivth cuives foi deficient and control 
lats aie shown m Fig 1 Durmg the fiist peiiod of giowth decline the 
deficient lats did not show typical neuiological signs They wTie then m 
jected subcutaneously with 50 y of thiamine per lat and this resulted m 
marked improvement and gam m weight which lasted foi a few' days 1“ 
the subsequent 30 day period the animals agam lost weight and appetite 
and this time showed the typical signs of polyneuritis The deficient ani- 
mals weie taken foi lespiiation studies duimg this second period of den- 
ciency and the control animals were used the following week Table 
presents a summary of the data on oxygen consumption, lactate formation, 
and pyruvate disappeai ance These data show that, wlule the oxygen con 
sumption of thiamme-deficient lat heart ventricle is higher than norma 
without added substiate, it is shghtly, though not significantly, lower m e 
presence of added pyiuvate Both the total and net pyruvate 
ance, however, are decreased m deficient ventricle The range of values 
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Qpiruvato found 111 tlic SGveii deficient lats was fiom 2 55 to 6 50 with a 
mean of 5 49 ± 0 45 In the noimal contiols fed ad hhitum the range was 
from 5 34 to S 20 with a mean of 7 11 ± 0 50 The accumulation of lactate 
was gi eater in the slices from deficient rats than in the controls, both in the 




Fig 1 Growth curves for thiareuae deficient and control rats and ducks Left, 
the mean growth of thiamine deficient rats (O) and normal controls fed ad hbtlum 
(3) IS plotted against the time in days Right, the mean growth of thiamine- 
deficient ducks (®), pair fed normal controls (O), normal controls fed ad libitum 
(3), and normal controls fed ad libitum, then fasted from the 10th to 12th days 
(A), are plotted against the time in days Food intake in gm per day for the ducks 
IS also indicated at the bottom for the thiamine deficient and for control groups pair- 
fed and fed ad libitum 

presence and absence of added pyruvate, although it is doubtful that the 
difference is significant m the piesence of added pyruvate The accumula- 
tion of lactate m the blood of thiamine-deficient rats has been emphasized 
by Birch and Hams (2) 

The Qoj values obtamed with auricles and ventricles from deficient and 


FOOD INTAKE 
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normal rats incubated with added glucose (111 mM per liter) are shown in 
Table II The finding of a decrease in the Qoj of auricle from thiamine- 
deficient rats is m suppoit of the obseivations of Muus, Weiss, and Hast- 
mgs (6) The effect of added pyruvate upon the lespiration of auricles 
from normal and thiamme-defioient rats was found, m a few experiments, 


Tab L b I 

Effect of Thiamine Deficiency uvon Ox igen Consumption, Pyruvate Disappearance, 
and f aclale Pormalion in Heart Ventricle Slices from Rats 


Rats 

No of 
rats 

Mean 
days on 
dtet 

^fean 

WLloht 

Co, no 

sub:i trace 

OlvcUte no 
substrate 

Co,. 

pyruvate 

5 mM per 
liter 

Ot 

pyruv ate, 

5 mu per 
liter 

fas 

Y 

Net 

“"Cpyruv&l® 

Deficient 

■ 

so 

sm 

98 

8 88 

1 30 

12 86 

4 44 

5 49 

2 69 

Control 

H 

55 

260 

±0 52* 
7 40 

ztO 22 

0 62 






II 



A-Q 50 

±0 10 

±1 21 



Eiiai 


* Deviation is expressed as the standard deviation of the mean (standard error) 


Table II 

Effect of Thiamine Deficiency upon Oxygen Consumption of Slices of Ventricle and 

Auricle front Rats and Ducks 





Auricle 

Ventricle 

Ratio 

Species 

No of 
animals 

Group 

Qq, in glucose, 

11 1 mil pel liiec 

Oq, m glucose, 
11 1 mu per litJ 

OO, auricle 
to Qot 
vcntnclc 

Duck 

5 

Thiamine-deficient 

7 14 ± 0 24* 

7 45 ± 0 64 

0 96 

tf 

8 

Pair-fed controls 

6 SO ± 0 38 

7 60 ± 0 27 

0 91 

“ 

6 

Controls fed ad libitum 

6 99 ± 0 37 

7 91 db 0 42 

0 89 

it 

4 

(i (( <( (( 

then fasted 

6 24 ± 0 39 

7 69 db 0 18 

0 81 

Rat 

5 

Thiamirie-dofiv-ient 

9 52 ± 0 32 

11 32 dr 0 85 

0 84 

it 

3 

Controls fed ad libitum 

14 77 ± 2 25 

10 27 d: 0 72 

1 44 


* Deviation is expressed as the standard deviation of the mean (standard error) 


to parallel the findings in ventricle The addition of thiamine tn vitro 
to deficient ventricle in a smgle experiment gave an mcrease m pyruvate 
disappearance , 

Experiments mth Ducks— The mean growth curves for the deficient a 
control groups of ducks are shoivn in Fig 1 Loss of weight began m ^ 
ducks after 4 days on the deficient diet and acute opisthotonos occurre 
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from 7 to 12 days Birds wore taken for respiration studies ^ ithm 12 hours 
of their first seizure When possible, an experiment on a pair-fed control 
duck was run the same day The contiol series fed ad libitum was run 
during the following week Table III summarizes the data obtained on 
oxygen consumption, lactate production, and pyruvate utilization with 
slices of ventiicle from deficient and control buds In contrast to the 
findmgs with rats theie was no difference in the rate of oxygen consumption 
by ventricle slices from deficient and control duclcs m the absence of added 
substrate In the presence of added pyruvate, however, the ventricle of 
deficient ducks showed a significantly smaller Qo^ than did that of the con- 

Table III 

Effect of Thiamine Deficiency and in Vitro Addition of Thiamine upon the Oxygen 
Consumption, Pyruvate Disappearance, and Lactate Formation in Hcait Ventricle 

Slices from Ducts 


Ducka 

No of ducks 

Mean 
dav« »r 
diet 

Mean 

weight 

QOt no 
substrate 

CtartAto 

no 

substrate 

Oo, 

pvruvate 
5 mil per 
liter 

C^tarUtei 

pyruvate 
5 mu per 
liter 

/ 

> rt 5 
cSa 
lira 

1 

s 

? 

2 

>» 

a 

o» 

^ 1 




gm 







Deficient 

8 

9 

165 

7 88 


8 41 

2 23 

4 79 

3 95 





±0 24* 


±0 25 

±0 17 

±0 29 

±0 30 

“ + thia- 

8 

9 

165 



9 47 

2 34 

5 46 

4 53 

mine in vitro 






±0 17 

±0 20 

±0 33 

l±0 32 

Pair-fed controls 

8 

■El 

208 

7 65 

1 04 

9 75 

2 15 

6 04 

4 93 



■li 


±0 39 

±0 10 

±0 32 

±0 10 

±0 23 

±0 24 

Controls fed ad 

8 

D 

477 

7 55 

0 83 

10 17 

1 71 

6 21 

5 33 

libitum 


HI 


±0 29 

±0 10 

±0 32 

±0 19 

±0 18 

±0 20 

Controls fed ad 

5 


389 

8 04 

1 82 

9 99 

3 10 

5 89 

4 52 

libitum, then 
fasted 


■ 


±0 31 

±0 35 

±0 22 

±0 22 

±0 20 

±0 27 


* Deviatioft la expressed as the standard deviation of the mean (standard error) 


trol group, in fact, the Qo, of heart ventncle from the deficient birds wuth 
added pyruvate is not significantly higher than that obtained wuthout added 
substrate The addition of thiamme in vitro to slices from deficient ducks 
gave a significant increase m the oxygen consumption m the presence of 
added pyruvate (Table III) 

The rate of pyruvate disappearance was also depressed in ventricle from 
the deficient ducks, — Qpyruvate rangmg from 1 95 to 5 57 wath a mean of 
4 79 m the deficient birds compared with a range of 4 /8 to 7 90 with a mean 
of 6 04 m the pair-fed controls The -(Jpyra^an. m the other control 
Sroups did not differ significantly from 6 04 The in vitro addition of thia- 
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mine to slices from deficient ducks increased the rate of pyruvate disap- 
pearance m proportion to the increase in oxygen consumption, about 14 per 
cent By avei aging the inci eases in pyruvate disappearance induced by 
the addition of the vitamin over that of contiol slices from the same heart, a 
high degree of sigmficance is revealed for this increase, viz , A — Qpyiuvau = 
0 67 ± 0 14 for which i = 4 71 - 

There was no difference in the accumulation of lactate m shoes of ven- 
tricle from deficient and pair-fed control ducks with or without added sub- 



MICROGRAMS THIAMIN PER GRAM FRESH WT 
OF DUCK HEART VENTRICLE 


Fig 2 Relationship between net pyruvate utilization (net — Qpyrurau) and thia 
mine content of heart ventricle in ducks Thiamine-deficient (•), pair-fed normal 
controls (O), normal controls fed ad hbiluin O), and normal controls fed ad hbilum, 
then fasted 48 hours (A) 

strate Lactate accumulation was significantly lower with or mthoufc 
added substrate in the control duclts fed ad libitum, however, and signifi- 
cantly higher with or without pyruvate in the ducks fed ad hbilum whic 
had been fasted 48 hours In Fig 2 it may be seen that, despite a hig 
thiamme content of ventricles in this senes, the net pyruvate utihzation was 
depressed These findmgs would suggest that the state of nutrition w 
respect to calories precedmg the period of manition and the duration o 

J i 13 the significance factor of Fisher (Fisher, R A , Statistical methods for re 
search workers, Edmburgh, 4th edition (1932)) 
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penod of inanition are of greater importance in controlling lactate forma- 
tion in vilro than adequacy with respect to thiamine The addition of thia- 
mine in vilro had no eflfcct upon lactate foimation or utihzation m the pres- 
ence of pyruvate despite a maiked effect upon oxygen consumption and 
P3TUvate disappearance 

The net Qpiruvato was significantly lower in the deficient ducks than in 
the pair-fed or noimal contiols fed ad hbitum The addition of thiamme 
in vilro increased this value as well as the total pyruvate disappearance 
The change in net -<?pyn,vnto was 0 56 ± 0 10 foi which ^ = 5 6 

In Fig 2 the net — Qpyruvato values for ventricle shces of all birds ob- 
served in these experiments have been plotted against their respective thia- 
mme contents A good correlation between heart thiamme and pyruvate 
utilization was found for ventricles contarmng less than 2 5 y of thiamme 
per gm of fresh weight, although the correlation between the severity of 
opisthotonos and either heart thiamme or p3rruvate utihzation was 
relatively poor It may be seen from Fig 2 that a small change m the con- 
tent of thiamme, i e from 1 2 to 2 6 7 per gm of fresh ventricle, resulted m a 
large mcrease in net — Qpyruvate, i c from 2 0 to 5 6 This large range m 
the P3Tmvate utilization of heart slices from the deficient ducks tends to 
raise the mean net — ^pyruvate value for this group consideiably above the 
value obtamed m the “most deficient” bird It would also appear to m- 
dicate that while all of the ducks were suflBciently depleted of thiamine to 
show neurological signs not all had cardiac tissue sufficiently depleted to 
show the maximal depression of pyruvate metabohsm Increases m the 
thiamme content of duck ventricle above 2 5 7 per gm of fresh tissue had 
no further influence upon the rate of pyruvate disappearance The curve 
m Fig 2 has the same contour as the one shown by Stumpf, Zaiudnaya, and 
Green (15) for a reconstructed pyruvic acid oxidase system with an apo- 
enzyme from pigeon breast muscle and diphosphothiarmne Swank and 
Bessey (16) were able to correlate the mcidence of elect! ocardiogram 
changes m thiamme-deficient pigeons with the thiamme content of their 
heart muscle The content of heart thiamme of deficient pigeons mthout 
electrocardiogram changes ranged from 1 9 to 2 2 7 per gm of fresh tissue, of 
deficient pigeons with definite electrocardiogiam changes from 1 5 to 1 7 7 
per gm , and of deficient pigeons m cardiac failure from 1 2 to 1 4 7 per gm 
In view of our findmg of a defimte relationship between pyruvate catabolism 
and thiamme content m ventricle from deficient ducks it is possible that the 
electrocardiogram changes observed by Swank and Bessej’’ (16) and earher 
by others (17) stem from a faulty pyruvate metabolism m the conduction 
system 

Table IV shows a tabulation of the range and the mean of the thiamme 
content per gm of fresh v eight of duck ventricle for the deficient and con- 
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trol groups The normal values are somewhat higher than those reported 
by Ochoa and Peteis (18) and by Swanlc and Bessey (16) for normal pigeon 
heart, but neaily identical with the values reported by Mitchell and Isbell 
(19) foi noimal lat heait The mean of the deficient group is significantly 
below that of any contiol group 

A compaiison of the rates of oxygen consumption by amide and ven- 
ti icle slices from deficient and control groups of rats and ducks m phosphate- 
sahne containing 0 2 per cent glucose is piesented in Table II It may be 
seen that the amides from thiamine-deficient ducks do not show the same 
’ y session in Qo. shoivn by amides from thiamine-deficient rats 

Table IV 


Variation in Thiamine Content of Ventricle in Thtamine-Deficienl and Control Duct.s 


1 

Group 

No o{ 
detcrmi 
nations 

Thiamme content y per \ 

Mean 

gm fresh ventricular slice 

Range 

Deficient 

7 

1 86 ± 0 18* 

1 15-2 S3 

Pair-fed controls 

6 

5 44 d= 0 94 

3 66-9 10 

Controls fed ad libitum 

i 4 

6 85 db 1 38 

4 74-9 41 

“ “ “ “ then fasted 

i 4 

1 6 94 ± 0 53 

6 05-8 44 


•Deviation is expressed as the standard deviation o£ the mean (standard error) 


DISCUSSION 

The results of this study indicate that the pyruvate utilization by cardiac 
muscle from lats and ducks is depressed m thiamine deficiency and that the 
addition of thiamine in vitro tends to restore pyruvate utilization to normal 
Analyses of deficient and normal duck heait ventiide foi thiamine, fur* 
thermore, have shoivn that a good correlation exists between the thiamme 
content and the ability of the tissue to utihze pyruvate Inamtion com- 
paiable to that sustained by the deficient ducks m pair-fed normal controls 
was shoivn not to mfluence significantly the rate of pyruvate utilization 

The failure to find any difference in the rate of oxygen consumption by 
heart ventricle from noimal and thiamme-deficient duckbngs without added 
substrate is m agreement with the experiments of others on tissues from 
pol 3 meuritic birds (20, 21) A significant increase m the oxygen consump- 
tion of heart ventricle from thiamine-deficient rats over that of contros, 
however, was observed The finding that the addition of thiamme in vitro 
will stimulate the lespiration of deficient ventricle shces, the so called“cata- 
tomlin effect’ ’ first shown by Peters and coworkers (20) m pigeon brain, ^ o 
mterest Sherman and Elvehjem (4) have shown a similar effect m ^u ms 
of rmnced heart suspensions from thiamme-deficient chicks mcubated wi 
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‘I'sappearance and oxygen 
consumption m the duck heait ventncle is similar to that reooited 

out comtoonrnof Tl-ompcon (8) and « oiild indicate that under 

IS buZd to m n '’T'’”*' “> noP-lactale piodncts 

O2 inci HjO In i^at ventncle, however, the lelationshio 

agreement with theoiy for quantitative 
combustion as shovn by the studies of Kiebs and Eggleston (22) on pweon 

pensionT^l^r °° dialyzed ox heart^sus- 

noorx I f ^'-ctually, the oxygen consumption of lat ventncle moie than 

Ter.," n calculated net but 

an enoi m the conection foi lactate formation from pyiuvate discussed 
ariier would tend to laise the obseived net -Q,yr,.ato to the theoietical 
(/o;/2 5 This obseivation of a coi respondence bet^veen oxygen 
consumption and pyruvate disappearance in heart muscle slices suggests 
u does not constitute proof that only pyiuvate is bemg oxidized undei 
e Mnditions of our experiments The disparity between net -Q^yruvuto 
^ci/2 5 was exaggerated m the thiamme-deficient rats 
Easting of rapidly growing ducks fed ad hbitu7n foi 48 houis resulted in an 
uicrease in the accumulation of lactate by ventricle slices mcubated with or 
'vit out added pyruvate and a deciease m the conversion of added pyruvate 
0 non-lactate products Rosenthal (24) has reported a decreased utiliza- 
jon of pyruvate and lactate in liver slices fiom starved animals and Lips- 
c itz. Potter, and Elvehjem (25) have reported that liver and kidney but 
not brain homogenates from normal chicks fasted 44 to 196 hours showed a 
^ pyruvate removal comparable to that obtained in pol3meuiitic 
c icks The admmistration of glucose restored utilization of pyruvate to 
normal m the fasted chicks but not m the deficient ones In our expen- 
nients fastmg had no effect upon total pyruvate removal but appeared to 
uence the partition of pyiuvate between lactate and non-lactate prod- 
ucts in normal ducks fasted 48 hours, there was no significant effect of 
inamtion upon eithei total or net pyruvate disappeaiance m the duclxa 
wnose food mtake had been cui tailed stepwise in conformity to the intake 
n the deficient birds It would appear, therefore, that bram and heart 
are more resistant to the effects of fastmg upon pyruvate metabolism than 
are kidney and liver 

The differences m the effect of thiamme deficiencj'’ upon the respiration 
0 auiicles m the duck and in the lat may possibly be related to the period 
o mduction of polyneuritis m each species In the rat the mean period 
was 7 5 weeks, m the duck it was 9 days The findmg of fibrotic lesions m 
e auncles of rats (26) and of pigs (27) after relatnely long deficienc} 
Penods may mdicate that the reduction of Qo, m the auricles of thiamine- 
efacient rats is due to a decrease m active protoplasm through fibrosis and 



500 


VITAMIN DEriCINNULb AND METABOLISM I 


not to a biochemical lesion The shoitness of the deficiency peiiod foi the 
duck would preclude the development of fibrosis 
The demonstration of a decrease m the ability of caidiac muscle to 
metabolize pyruvate m thiamine deficiency is in furthei support of a recent 
study by Randles et al (28) on dogs in Avhich it m as found that hearts from 
thiamme-deficient dogs lemoved less pyiuvate fiom the blood in mvo than 
did hearts fiom nonnal contioh 


SUMMARY 

1 The oxygen consumption of heart ventricle slices ■without added sub- 
j stiate IS not affected by thiamine deficiency in ducks but is increased by 

thiamme deficiency in rats 

2 The oxygen consumption of heai t venti icle slices with added pyi uvate 
(5 mM per liter) is deci eased by thiamine deficiency in dudes but is un- 
affected by thiamme deficiency m lats 

3 The late of pyruvate disappeaiance in heait ventiicle and the late of 
its conversion to non-lactate products aie deci eased by thiamme deficiency 
in both species 

4 The addition of thiamme m vitro to heai t venti icle slices from deficient 
ducks mci eases both the oxygen consumption and the pyiuvate dis- 
appearance 

5 The late of pyiuvate utilization in duck venti ide inci eases with the 

thiamme content up to a level of 2 5 7 pei gra of fiesh ventiicle Fuithei 
mcieases in thiamme content have no furthei effect upon pyiuvate utiliza- 
tion ■ 

6 A compaiison of the rates of lactate accmnulation with and without 
added pyiuvate m normal and tluamme-deficient lats and ducks would 
mdicate that mamtion is moie effective m increasing lactate formation than 
IS thiamme deficiency 

7 The depression m the oxygen consumption of auiicular muscle seen 
m thiamme-deficient rats wms not observed m thiamme-deficient ducks 
An explanation for this species diffeience is suggested 

We aie greatly mdebted to Miss Charlotte Thrall for technical assistance 
m carrying out the experiments of this study We are also indebted to 
Merck and Company, Inc , Rahway, New Jersey, the Com Industries Re- 
seaich Foundation, New York, and the SheflBeld FaiTQS Company, Inc , 
New York, for geneious supplies of materials used m these fetudies 
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The gloss effects of biotin deficiency in bacteiia, animals, poultiy, and 
man have been studied m detail by a number of mvestigatois They lange 
from grovth failure in all species to deimatitis, alopecia, neuiomusculai 
imbalance, anemia, spectacle eye, and thymus and testis atiophy m lats 
(1“^)) poor feathering, deimatitis, and perosis m poultiy (5-9), and changes 
in skm color, somnolence, glossitis, and electiocaidiographic changes m 
man (10, 11) Data beaiing on the undeilymg biochemical defects m 
biotin deficiency, however, have only recently been foithcoming 

In 1942 Pilgrim, Axeliod, and Elvehjem (12) showed that homogenates 
of hver from biotin-deficient rats oxidized pyiuvate more poorly “an di(l 
those from normal controls and, in 1944, Summei son, Lee, and ^ai tri ge ( 
reported that the addition of biotin to livei slices from biotm-deficient lats 
Ml intro resulted in mcreased lactate utilization In 1943 Bui '■ ao mz ei 
(14) suggested that biotm might be concerned with caibon clioxide trans ei 
Koser, Wright, and Doifman (15) and Stokes, Laisen, an unness 
have reported that aspartate s 3 Tithesis by bacteria ^ 

absence of biotm, and Laidy, Potter, and Elvehjem (17) and Shive n 
Rogers (18) have presented data which account foi this depressed aspai a 
synthesis on the basis of a failuie to fix carbon dioxide m oxalacetate 
Lichstem and Umbreit (19) have demonstrated lecent y t le nee oi lo i 
m the decarboxylation of oxalacetate by Eschenchta coh, and 
(20) have sho^vn that the content of tnphosphopyndme 
malate dehydrogenase-decarboxylase is lowered m lo m e 

hv6r 

Recent studies of the metabolism of cardiac 
pyruvate utilization tn vitro is depressed by thiamme deficie y 

V o 1 A the Life Insurance Medical Research 

Supported in part by grants in aid from t j^t^trition Foundation Inc , 

Bund, New York, Swift and Company, Inc , Chi = . (Y J T ) b> a con- 

New York, the Milbank Memorial Fund, New York and in part (Y J 1 ; d> 
tract between Harvard Universitj and the OlEce of i ava 
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ducks (21) and by pantothenic acid deficiency in lats (22) It occurred to 
us that if biotin functions in metabolism to facilitate the revereible ^-car 
boxylation of pyruvate to o\alacetate the utilization of pyiuvate as veil as 
othei members of the tiicaiboxylic cj^cle might be depressed m tissues from 
biotm-deficient buds To test this hypothesis we have determined the rate 
of oxygen consumption of shces of heait muscle fiom biotm-deficient and 
contiol ducks without added substiate and ivith added pyiuvate and 
succinate, the late of pjuuvate disappeaiance m the piesence of added 
pyiuvate, and the late of caibon dioxide production fiom succmate The 
effect of paii-feedmg normal controls, the effect of addmg biotm to deficient 
tissues in vim and in viti o, and the comparative effects of deficiency upon the 
lespiiation of auricle and ventncle weie also studied A pieliminary repoit 
of these expeiiments has been made (23) 


EXPERIMENTAL 

Wlute Pekui dueldmgs 2 days old, aveiagmg 50 gm in v eight, were 
divided mto expermiental and contiol gioups and placed in heated, laised 
bottom cages The control gioups weie fed the followmig diet casein 18 
per cent, gelatin 10 per cent, Cellu floui 3 pei cent, dextrose 50 pei cent, 
coin oil 10 2 pel cent, cod liver oil 2 0 pei cent, salts (24) 5 pei cent, CaHPOi 
1 per pent, choline chloiide 0 3 per cent, a-tocopheiol in coin od (10 nig 
per ml ) 0 5 pei cent Siipplementaiy ciystalline vitimins veie added m 
the following quantities, expiessed in miciogiams pei 100 gm of latioii 
thiamme 400, iiboflavin 800, pyiidoxme 400, nicotuiic acid 4000, calcium 
pantothenate 2000, tohc acid 100, menadione 100, and biotin 20 The 
expeiimental senes was fed the same diet supplemented with 20 per cent 
dned law egg white at the expense of caibohj^diate and no biotin lo 
evaluate the effect of the partial inanition of biotin deficiency, seieiij 
groups of contiol duclvs were pair-fed eithei a deficient diet with paientera 
biotm 01 the control diet Other gioups of control duclcs weie fed the 
control diet ad libitum 

Deficient ducks were taken for lespiiation studies aftei then giowth ha 
been arrested and some weight loss had occuiied The buds weie mi 
by decapitation, the heart quickly excised, chilled on cracked ice, and t len 
immersed in iced, oxygenated salme-phosphate solution The auricles an^ 
ventricles of the chdled heart were removed, sliced to a thickness of 0 o o 
0 7 mm , placed in standard Waibuig flaslcs coutammg potassium 
m the center well, gassed with oxygen, equilibrated at 37°, and the ® 
oxygen consumption detei mined Each flask contained a total vo 
3 0 ml of phosphate-salme at pH 7 4 of the followmg ,f 

0 119 SI, KCl 0 004 M, MgCh 0 0005 m, and Na2HP04-NaH2P04 
When biotm was added m vitro it was present m the medium mi i / 
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allowed to react with tissue components for 30 minutes before the addition 
ot substrate For study of the effects of biotm in vivo, the vitamin was 

injected intrapentoneally into deficient ducks m amounts of 45 y per bird 
per day 

Substrates were added fi om the side ai m at zero tune Sodium pyruvate 
was prepared from ledistilled pyruvic acid which was neutialized to pH 6 5 
with bicarbonate and then ciystalhzed from ethanol The final concentra- 
hon of pyruvate in the Waibuig flask after dumping was 5 mai per liter 
he non-isotopic sucemate was chemically pure sodium succinate Isotopic 
succinic acid containing distiibuted between its two carboxyl groups was 
prepared from lithium acetylide by carbonation mth Ci '‘02 and subsequent 
reduction The final product melted at 189-190° and contamed about 
•140,000 counts pei mmute per mii Foi lespiration studies this was di- 
luted with non-isotopic succinate to jueld an activity of about 10,000 counts 
per mmute pei imi The final concentration of sucemate m the Warburg 
flask was 10 mii per liter 

Oxygen uptake was measui ed for 1 houi At the end of this period tissue 
reactions were stopped by addition of 0 2 ml of 100 pei cent tiichloroacetic 
ucid In the case of the flaslis contammg radioactive sucemate this addi- 
tion was made m a closed system so that the C'^Oa liberated from the 
buffer and tissue would be absorbed by the alkali of the center well For 
determmations of the amount of succinate oxidized the contents of the 
center well were pipetted ■with washmgs mto a 15 0 ml centrifuge tube (a 
filter paper m the center well was geneially not used m the succinate e\- 
perunents because it was shovm that even assiduous washmg of the alkali- 
soaked filter papei would leave 5 to 10 per cent of the carbon dioxide m the 
paper) and precipitated with BaCh The baiium carbonate was centri- 
fuged and washed iinth water until fiee of aUcah and finally wnth ethanol 
and then plated on a taied, round, stainless steel cup having a central 
depression 1 5 mm deep and , 1 6 sq cm m area The samples were 
counted with an end wmdow Geiger countei and corrected for background, 
self-absorption, and counter sensitivity The accuracy of the countmg 
determmed by checks with samples of known activity was ±5 per cent 
Pyruvate was determmed by the direct method of Friedemann and 
Haugen (25) and lactate by the method of Barker and Summerson (26) on 
tnchloroacetic acid filtrates of the Warbui g fluid after mcubation Fmal di-y 
weight of the tissue slices was determmed by heatmg to constant n eight m 
iWi oven at 110° In the pi otocols, the rate of oxygen consumption has been 

expressed as Qq, (microliters of O 2 used per mg of dry weight of tissue per 
hour), pyruvate disappearance as — Qpyrmato (microliters of p}’^ru\ ate dis- 
appearance per mg of dry weight of tissue per hour, 1 micromole of pyruvate 
bemg equivalent to 22 4 microhters), and lactate formation as Qiaetju 
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The net pyruvate disappearance, i e the conversion of P 3 n’uvate to non- 
lactate products, IS expiessed as net — Qpyru%ato (21) 

Results 

About 70 ducldings v ei e used in this study Typical growth curves for 
deficient, pair-fed controls, and controls fed ad hbiluvi aie shown in Fig 1 
Each pomt on the growth curve represents the mean of ten ducks In this 
senes of expeiiments it ivas invariably found that the experimental group 
receiving egg white giew more rapidly for the first 6 to 7 days and then 
lagged behind the control groups, reaching a plateau at about 200 gm The 
food consumption, which is also plotted for all groups m Fig 1, dropped to 
30 gm per day for the experimental group aftei the 1st week and remained 
at or about that level for the duration of the experiment Poor feathering 
and baldness u eie noticed as early as 4 to G days m the experimental groups 
and occuired in some 90 per cent of the deficient duclcs Perosis was 
observable between the 8th and 24th days and occurred m 70 per cent of the 
deficient ducks Moitality in the deficient group ranged from 20 to 30 
per cent The pair-fed control groups began to lag m growth after 10 days 
on their regimen and generally reached a plateau at a body weight of 300 to 
350 gm These birds w'ere continually famished and consumed their food 
allowance in 30 to 45 rcnutes daily Either pair-feeding the control diet or 
pair-feeding the deficient diet plus mtraperitoneal mjections of 20 y of bio- 
tin per duck per day gave the same growth curve In general, the hearts 
of the deficient ducks weie paler, larger, and the myocardium thicker 
than in those fiom controls fed ad libitum or pair-fed 

The effect of biotin deficiency upon the respiration of slices of ventricle is 
shown in Table I Mean data on oxygen consumption, lactate formation, 
and pyruvate utilization foi deficient, cured, and control ducks are pre- 
sented All values are depressed in biotm deficiency When pair-iea 
controls are used as the standard of comparison, the Qq, of heart ventricle 
from biotin-deficient ducks ivas reduced 43 per cent without added sub- 
strate and 35 per cent wuth added pyxuvate Pyruvate utihzation was 
deci eased 48 per cent When compared to shces from pair-fed ducks t e 
lactate accumulation expressed as Quctate was 15 per cent of normal m o 
absence of added substiate and 25 per cent of noimal m the 
pyruvate at 5 dom per liter Compaied -with values fiom ducks fed 
libitum, the above values become 39 per cent and 52 per cent respective y 
The elevation of lactate formation in the pair-fed birds is remmiscent o our 
findings m normal ducks fasted for 48 hours (21) and suggests 
fed ducks m this series are effectively fasted by the feedmg of 
food allowances which aie almost immediately consumed Time s u les 
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Fio 1 Growth curves for biotin-deficient, pair-fed normal control, and control 
ducks fed ad hbilum The mean body weight in gm for groups of ten biotin deficient 
(•), pair-fed control (O), and controls (<J) fed ad libitum is plotted against the time 
in days The crosses indicate death Perosisnas observable after the Sth day The 
food intake in gm per day per duck, is plotted for these groups across the bottom 
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the rate of lactate formation m ventricular muscle from noimal ducks and 
those fed ad Ithilum mdicate that the lactate accumulation is a product of 
initial glycolysis and subsequent ovidation in slices uathout added pyruvate 
and the product of initial glycolysis plus fuithei reduction of pyruvate in 
the tissues with added pyruvate (27) The data obtamed vuth biotin de- 
ficiency V ould seem to mdicate that the initial glycolysis is decreased 
When deficient birds are injected with biotin mtiaperitoneally at a level 
of 45 7 per bird per day, there is restoiation of respnation to normal within 
24 hours of the injection The data on cured duclvs shown in Table I were 
obtamed from thiee deficient ducldings showing all the featuies of the 
biotm deficiency syndrome and injected w ith biotm from 1 to 7 days One 


T.'ubll I 

Effect of Biotin Deficiency upon Oxygen Consumption, Pyruvate Utilization, and 
Lactate Formation tn Heart Ventricle Slices from Duellings 


Group 

No • of 
ducks 

Days onl 
diet 1 

1 

Mean 

weight 

QOi' °° 
substrate 

OOi 

pyruvate, 
S du pet 
liter 

Ciactatci ! 
no 

substrate ^ 

OUcUtei 
pyruvate, 
S mu per 
liter 

o 

<a 

> 

2 

>« 

o 

' 1 

s 

a 

► 

i 

a 

:g' 

Deficient 

9 

18 

218 

4 54 

7 02 



3 12 

2 54 


1 

±lt 

±16 

±0 29 

±0 26 



±0 22 

±0 21 

Pair-fed con- 

6 

24 

374 

7 96 

10 73 

1 64 

3 11 

6 42 

4 92 

trols 


±1 

±35 

±0 21 

±0 30 

±0 14 

±0 15 ' 

±0 32 

l±0 38 

Controls fed ad 

8 

18 

504 

7 25 

10 10 

0 62 

1 58 

6 01 

5 08 

libitum 


±1 

±35 

±0 34 

±0 33 

±0 05 

±0 15 

±0 34 

±0 31 

Deficient -f bio 

3 

18 

309 

6 95 

9 74 

0 45 

1 41 

5 37 

4 40 

tin intraperi- ' 


±2 

±100 

±0 22 

±0 42 

±0 05 

±0 23 

l±0 26 

±0 35 

toneally 









■ 


* Duplicate determinations made on each duck 
t All deviations are the standard error of the mean 


bird was killed after 1 day, one after 2 days, and one after 7 days The one 
allowed to go for 7 days showed lesumption of giowth at a slope parallelmg 
the normal controls fed ad libitum and refeathermg It may be seen that 
the oxygen consumption with and without added p 3 rruvate and pyruvate 
utilization m these cured duclcs are restored to levels not significantly 
different from those of normal controls 
Table II shows the results of studies on the oxidation of succmate V 
these same groups of biotin-deficient, cuied, and control ducks The oxyS®” 
consumption by ventricle fiom biotm-deficient ducks m the presence o 
succinate is decreased below the values found for control birds and is r® 
stored by mjections of biotm Column 4 of Table II lists the radioactivi 
recovered m the center well of the Warburg vessels after incuba ion 
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Column 5 of Table II gives the late of oxidation of succinate m terms of 
Qco, (.ucoinnto oarboxiD Tlioso valuos wcie Calculated fiom the mitial total 
quantity and activity of the succinate caiboxyl CO 2 and the final activity of 
the respiiatory CO 2 collected fiom the center well, viz , each flask con- 
tained 3 0 ml of buffei having a succinate concentiation of 10 mai pei liter 
The total succinate pei flask was thus 30 miciomoles and the total succinate 
carboxyl CO 2 , 60 miciomoles The total ladioactivity of the succmate 


Table II 


Comparative Rates of Succinate Oxidation in Biotin-Dcficient, Cured, and Control 
Duck Ventricle As Measured with Isotopic Succinite Labeled in Caiboxyl with (A' 


Group 

No of 
! deter- 
' mm 
ations 

OOi succinate, 
10 mu per liter 

(0 

(2) 

(3) 

Deficient 

18 

13 04 ± 0 49* 

Pair-fed controls 

11 

18 01 ± 0 68 

Controls fed ad libi- 

14 

17 13 ± 0 41 

tum 

Deficient -1- biotin 

6 

15 76 ± 0 45 

intraperitoneally 




C'^Or produced during 
incuoation (1 hr ) 

Per cent of values 
obtained in pair fed 
controls 

Coints per 
min per 100 
mg dry 
weight 
tissue per 
hr 
(4) 

OCOj succinate 
carboxyl 

(S) 

Qot 

succmate 
10 mil pel 
liter 
(6) 

Ocoi 

succmate 
carboxj 1 

(7) 

56 ± 4 
126 ± 7 
90 ± 4 

2 55 ± 0 18 
5 74 ± 0 31 
4 17 ± 0 20 

72 ± 2 
100 ± 4 
95 ± 2 

45 ± 3 
100 ± 5 
73 ± 1 

132 ± 10 

6 04 ± 0 47 

88 ± S 

105 ± 8 


* All deviations are the standard error of the mean 


carboxyl was 300 counts per minute per flask 
was 1 horn From this it follows 

Activity of center well, COz, counts per min per flask ^ 0 q 22 4 


The period of mcubation 


300 


dry weight of tissue, mg 


' Qc 02 (auccliiat« carboxyl) 


TV.Q n m thus the number of miciohters of succinate 

The QcOilaucomata carboxyl) IS t nf tlcisllP DPr hoUr 

carboxyl carbon dioxide produced per mg o rj g mupip 1 oy,fi 

Smee only the catbotyl gioups of the Kotop.e succmate are labele J and 

smee the known pathways for succmate oa.dation make 
one carboayl without the other, the Cco.ou«cc>w c«bo*iii v = succmate 
the above manner aie not mdicative of the number of ' 

undergo, ng ovidation or the extent of the o^^on “ j ° 

ossumc for the sake of an ot^uVemate^d'er our conditions, 

COo insured the complete combustion of succinate unue 
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then the rate of succinate combustion m microhters (micromoles X 224) 
per mg of diy weight per hour would equal one-half the Qco,'auccinatc catbouD 
It 13 of interest to note (Table II, Columns 6 and 7) that biotin deficiency 
depresses CO 3 production from succinate m heart muscle more than it 
lowers oxygen consumption in the presence of succinate Conversely, the 
admimstiation of biotm to deficient ducks restores CO 2 production from 
succinate more completely than it lestores oxygen consumption in the 
presence of succinate These data aie in support of the idea that the 
activity of biotin is concerned with decarboxylation reactions If one 
calculates the — Qaucdnnto values for normal and deficient hearts from the 
^cch(Bu«inatBcarboxii) valucs on thc basis of assumptions outlined m the 
precedmg paragraph, and then calculates the equivalent oxygen consump- 
tion from — Qaucoinnto by multiplying by 3 5, it would appear that, while 


Tabll III 

Effect of Biotin Addition tn Vitro upon Oxyoeii Consumption, Pyruvate VliUzalxon, 
and Lactate Formation in Slices of Heart Ventricle from Biolin-Deficienl DucKs 


Ventricle slices 

No of 
deter 
mi 

nations 

Ooi "0 
substrate 

<?0j. 
pvruvate 
S mJi per 
liter 

Qo. 

«tuc 

cinau 

10 mu 
per liter 

no ^ub 
strate 

bh''ti'tP» 
pyruiaie 
5 mu per 
liter 

5 

d 

1 

J 

5 

d 

> 

Z 1 

Deficient 

6 

5 13 

5 36 

12 34 



3 5S 

3 14 





±1 38 





“ -fi biotin, 5 

6 


6 78 

11 38 

0 32 

0 71 

3 97 


y per ml 




±1 85 

±0 07 

iO 07 

±0 28 


Normal controls 

10 


9 82 

17 37 


1 75 









±0 21 


gil 


* All deviations are the standard error of ths mean 


succmate combustion in normal heait ventricle accounted for 50 per cent 
of the obseiwed oxygen consumption, in heart slices from biotin-deficient 
ducks it accounted for only 34 pei cent It is probable that the suc- 
cmoxidase system which oxidizes succinate to fumaiate (and other systems 
which oxidize fumarate to oxalacetate) accounts foi a fair pioportion of t e 
extra oxygen consumption m both the normal and deficient tissues It is 
of some inteiest that the succinate utilization of heart ventncle from con 
tiol ducks fed ad hbitum is below that of pair-fed contiols 

Attempts to lemedy the respiiation defects m ventricle from bio 
deficient ducks by adding the vitamin %n viti 0 and incubating 30 mmu 
before adding substrates failed, as indicated by Table III There were 
significant changes in oxygen consumption m the absence and presence 
added pyruvate, m the presence of succinate, in pyruvate utilization, 
m lactate formation The only positive change was m the oxygen c 
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sumption in the pi esence of pyruvate, a change from 5 36 ± 0 68 m the 
absence of biotin to 6 78 ± 0 89 in the pi esence of biotin, a difference of 1 42 
foi which f = 1 3, which is not significant Noimal control slices from 
ducks fed ad bbiliun lun with this series showed normal values not dif- 
ferent from the previous series of contiols 
Table IV presents a comparison of the effects of biotm deficiency upon 
the respiration of auricle and ventricle slices taken from the same heart m a 
series of ducks The same deci eases in Qo and pyruvate utilization were 
obseiwed for both auiicle and ventricle In geneial, the changes were 
parallel in both aui icle and venti icle for all of the measurements made with 
the exception of oxygen consumption in the presence of pyruvate, which 
seemed to be depressed m auricle moie than in ventricle The degree of 
change from normal m this senes of deficient ducks was not quite as 


Table IV 


Com-paralive Rates of Oxygen Consumption and Pyruvate Utilization by Slices of 
Auricle and Ventricle from Noimal and Biotin Deficient Ducks 



Gioup 

No of determinations 

Deficient 

12 

Control 

6 

Auricle 

Ventricle 

Ratio, auricle to 
ventricle 

Qq^ (no added substrate) 

“ (pyruvate, 5 mu per liter) 

Net — Qpjnjvato 

(no added substrate) 

“ (pyruvate, 5 HIM per liter) 
Net — Qpyriivate 

(no added substrate) 

“ (pyruvate, 5 niM per liter) 
Net — Qpyruvato 

5 65 ± 0 24 

5 83 ± 0 31 

3 40 ± 0 31 

6 OS ± 0 36 

7 SO ± 0 43 

3 62 ± 0 23 

0 93 ± 0 07 

0 75 ± 0 05 

0 94 ± 0 15 

7 96 ± 0 71 
10 92 ± 0 35 

5 25 ± 0 52 

8 20 ± 0 75 
10 85 ± 0 55 

5 38 ± 0 01 

0 97 ± 0 10 

1 01 ± 0 04 

0 98 ± 0 07 


marked as m earlier senes, although the results are still significantly dif 
ferent from normal This gi oup of deficient birds was older and it has been 
found m two or three cases that buds which survive more t an ays on 
the deficient diet give va'ues for oxygen consumpt on an pjruva e u i iza 
tion for heart ventricle iihich are closer to normal than are those obtai 
on duclvs showing gross deficiency signs at 12 to 16 ® 

this accommodation to deficiency disease is bemg exp ore 


DISCUSSION 

The finding of a deranged pyruvate and succinate metabolism 
muscle slices from biotm-deficient ducks adds to the Sro^'ung iv eight o 
evidence assigning to biotin the role of a respiratory cata ya - ea 
1933, Alhson, Hoover, and Burk (28) shoived that a heat-stable vat 
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soluble factoi from yeast which they named coenzyme R and which was 
latei identified with biotm (29, 30), would stimulate the respiration of the 
Rhizohmm infohi from legume nodules 100-fold Moie recently, Burk, 
Winzler, and du Vigneaud (31) have pointed out that the respiration of 
biotm-deficient yeast is maikedly depiessed and the addition of biotin 
stimulates both fermentation and lespiration The finding of a depressed 
endogenous oxygen consumption m ventricle shces from biotm-deficient 
ducks IS, therefoie, not unexpected The utihzation of pyruvate by both 
ventiicle and auiicle has been found to be depressed m biotm-deficient 
ducks Tins effect has been previously observed m liver tissue fiom biotm 
deficient lats by Pilgrun, Axelrod, and Elvehjem (12) and by Summerson, 
Lee, and Paitridge (13) 

Recent studies mentioned previously (15-18) have implicated biotm m 
the leversible /3-caibo\yIation of pyruvate to oxalacetate Although the 
Wood-Weilonan reaction has not been shoivn to occur m heart muscle, 
fixation of COa in oxalosuccinate by heart muscle extracts has been shoira 
by Ochoa (32) Presumably, fixation of COa m oxalacetate also occurs m 
heart muscle and expeiiments to verify this are undei way at present The 
pi eduction of COa from succinate is significantly slowed in ventiicle from 
biotin-deficient ducUings The conversion of pynivate to non-lactate 
products IS deci eased to almost the same quantitative extent, ^ e 50 per 
cent If the fixation of CO: by pyiuvate is a preiequisite foi the mamte- 
nance of adequate levels of oxalacetate foi condensation of C: oi Ca ladicals 
from pyruvate and then ultimate oxidation by way of the tiicaiboxylic 
acid cycle, a loss of /3-caiboxylase activity would explain both the decreasea 
CO: pioduction from succinate and the deci eased pyruvate utilization m 
caidiac ventricle slices from biotin-deficient duclcs The decreased lactate 
accumulation obseived m these slices is moie difficult to explam That 
biotm has a single function in metabolism is doubtful m view of the stu les 
of Lichstem and Umbieit (33) on the deammase content of biotin-deficien 
Eschenchta eoh, of McHemy and Gavin (34) on synthesis of fatty acids m 
lats supplemented with biotm, and of Potter and Elvehjem (35) on o eic 
acid-biotm mteiielationships m Lactobacillus arabinosus 

The mechanism of the action of biotm is not clear Although lo 
appeals to influence the reveisible /3-carboxylation of pyruvate, other co 
factors aie also involved Vennesland, Evans, and Altman (36) 
stimulation of CO: fixation by pigeon liver ;8-carboxylase m the 
adenosine tiiphosphate but stimulation of the reverse reaction in 
ence of triphosphop 3 Tidme nucleotide Cheldelm et al (37) lepor 
biotm is more finnly bound m tissue combination than any other vi a 
Our studies with the addition of biotm to deficient tissues in t^ro 
that the vitamin is not easily converted to an active form ^g^er, 
efihcacy of biotm upon deficient ducks in tniro and in vivo parallels, 
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the effects ol p intotlRiiic iiul (22) which is conjug'Ued to u datively com- 
plc\ coen-’Miio Ochui </ rt lii\e loiiiul no biolin by i miciobiologic 
Icchnuiuc in llicir pap ir Uiuih of in il ite ikhjthogcnxsc clecaibo\ylase and 
entcrl iiu the possibihu llnl Inotin in ij in some way stimulate euzjTue 
fonn ition Tlio resolution of the medivnism of biotin activity aw'aits 
further in\csligation 


si \iMvin 

1 llie o\jgcn Lun''innpliun of lu vit cpiitiicle slices iiom biotm-deficieut 
duclvs in the prc'cnco and ibsiiue of pMinate (5 him pei litei) and in the 
presence of sueem de (10 him pt i liter) was deeie iscd 35, 13, and 28 pei cent 
rcspcctiNcly from tli it of leiitiicle slices fiom pan -fed noimal controls 
Tliei duca for \ entiicle fiom lontiolsfcd wi Itbt/iun weie not significantly 
diffcient from tliosc of the p ni-ftd contiols 

2 Uhe iccumul itioii of liclite in lenliicle slices lioni biotin-deficieut 
duclvs in the presence md ib'-ciu'e of pyiu\ ite w is dcci cased to about 20 
per cent of the vilues fiom jiiu fed contiols and to about 15 pei cent of 
those from contiols fed od hbilum llic higliei lactate formation in pair- 
led duclvs appeals to be id ited to then state of partial inanition 

3 The conveision of fijuii ite to non-lactate pioducts was reduced 48 
pci cent m ventricle slices fiom biotin-deficient ducl^s 

1 C^Oi production from c ii bo\yl-labded succinate in heait lentnde 
from biotm-deficicnt ducks was dcci eased 55 pei cent fiom that of pan -fed 
controls 

5 The prioi mtiaiiciiloiic d idmmisliation of biotm to deficient ducks 
lestored the icspiiatioii md pyuiiatc utilization of heait ventiicle slices 
essentially to noimal 

(j The incubition of deticiciit hcait ventiicle slices with biotin zii vitro 
had no significant effect upon thou lespualion oi pyiuvate utilization 

7 The lespiiation and pyiuvate utilization of aunculai and ventriculai 
heart muscle, m general , W’eie depressed to the same e\tent in biotin- 
deficient ducks 

We wish to thank Miss Charlotte Thiall foi technical assistance Out 
tlunlcs are also due to Meick and Company, Inc , Rahway, ^ ^ 

Corn Industries Research Foundation, New York, and the Sheffield Farms 
Company, Inc , New York, for generous supplies of mateiials used m the 
diets described in this paper 
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EXPERIMENTAL 

The animals and buds used in this study weie 30 day-old male albino 
rats of the Hisaw strain and 7 day-old white Pekm ducklings Twenty- 
four lats avei aging 50 gm m w'eight weie divided mto three groups and fed 
contiol, pantothenic acid-deficient, and iiboflavm-deficient diets for 9 
w'eeks The contiol gioup leceived a noimal diet of the folio wmg composi 
tion casern 18 pei cent, glucose 73 pei cent, salts (9) 4 pei cent, corn 
oil 3 pel cent, cod livei oil 2 pei cent, vitamm supplement containing the 
folio wmg quantities of B complex factors m ciystallme foim thiamine 
400 7 pel 100 gm , iiboflavm 800 7, pyiidoxme 400 7, niacm 2000 7, calcium 
pantothenate 2000 7, cholme chloiide 100 mg The two expeiimental 
gioups weie fed the same diet mmus the iiboflavm supplement and the 
pantothenic acid supplement respectively Riboflavin deficiency was 
mduced m ordei to evaluate the specificity of changes associated with 
pantothenic acid deficiency Aftei 3, 5, and 9 w'eeks on these diets am 
mals weie fasted 24 houis and sacrificed m pairs and the coenzyme A 
content of heait, livei, kidney, and adrenal determined by the piocedure 
of liaplan and Lipmann (2), w'hich is based upon the enzymatic acetylation 
of sulfanilamide by aged extiacts of pigeon Iivei A unit of coenzyme A 
has been defined previously (2) and has been found to contam about 0 7 y 
of pantothenic acid At the same time, samples of heait and liver tissue 
were chilled m iced, oxygenated phosphate-salme of the folio wmg composi 
tion NaCl 0 119 m, KCl 0 004 m, MgCla 0 0005 m , NaoHPOi-NaH-POi 

0 020 M, pH 7 4 After a few moments the tissues were sliced and mcu 
bated with and without added sodium pyiuvate (5 mai per litei) m standard 
Warburg flasks foi 2 hours The oxygen consumption and total pyruvate 
utilization weie determmed The details of these methods are piesented 
elsew'here (Olson et al (10)) The adrenal glands were fixed m formalm and 
frozen sections weie stamed by methods used to characteiize ketosteroids 
(11) These weie then kmdly exammed for signs of adrenal cortical 
exhaustion by Di Helen Deane of the Department of Ainatomy 

The ducklmgs used m this study w^eie leceived from the hatchery at 

1 to 3 days of age and mamtamed m heated, raised bottom cages unt 

they were 7 days of age, at which time they averaged 150 gm m 
They weie then divided mto experimental and control gioups and 
theu respective diets until loss of weight and a scaly dermatitis develop 
m the expel imental group The expeiimental diet consisted of casern 
pel cent, gelatm 10 per cent, Cellu flour 3 pei cent, dextrose 50 ' 

corn oil 10 2 per cent, cod livei oil 2 0 pci cent, salts (9) 5 per cent, Ca 

1 0 pel cent, cholme chloride 0 3 pei cent, a-tocopherol m com on ( 
per ml) 0 5 pei cent Supplementary crystallme vitamms w'eie a e 
the fohowmg quantities per 100 gm of diet menadione 100 7 , thiamme 
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, nbofliMii SOO o, iJiruiiiMiio 100 ■„ mtolmic icid 4 f 

/ol.7a “j 100 1 il'j enrol sr,..,|.. rcco.rcd 20 mg ot calcmm panto- 

consumption iiui p>nn ilo utilii.itio» floslvs with and 

ooro d‘lor„..,.ul l,i lire a. .,,.1 .rd '' 

rnthoot aided pyn.r do ...d »d , . rd " .I,„y 3 „aded at 

at a Ic\ol ot 0 2 to 0 d md por Ido concoutration 

zero time from the ''iclc irm m m ' * av<i« 1 houi and the gas 

SniMperhtcr '1 

phase was 0: Both 1 ictatc (^.erohteis of metab- 

determincd and the ro-ults cxiircs^d 

ohte produced or lost per mg of dry weig i , , ^ ^ the vitamm 
experiments in which sodium pantothenate was added ^n v^tro 

aas added drrcotly lo tiro roam ol'«"f ■ “‘I tXeopenmerrtsmrvldch 

components during the pciiod of cquihr 

pantothenate was added tn vuo the a dose calculated to 

thoaato per 100 |;m body oo.gid, >“fl» SSyovaterasnas 

grva Iho sarao conocntral.on of mjected with panto- 

present m the tests tn viiro the a 

thenate were killed oiftcr 1 to 2 hours c-vnthesis w hvers 

In the tcU of factors rnnueneng coon^o phosphate- 

from deficient ducUingsweie removed, cmiiea ^ Erlemneyer 

salme, and sliced The slices were len , a on the slices at 

liasls and shaken at 37" Coenaynre A f 

the end of each eapenment and occasronally m the meaiim. 

Results 

, rpi _ lesults of the first experi 
Coenzijme A and Pyruvate Ulthzation ^ ^ ^ presents 

ment xvith rats are shoxvn m Figs i a , £■ „* and pantothenic aeid- 

the mean giowth of normal, riboflavin pomt on these growth 

deficient rats plotted agamst the ^ ^ animals, dependmg upori 

curves represents the mean of tiom av “of rats m the experimental 
the number lemammg at the time at the 3, 5, and 9 week 

groups, apait from those caused experim ^ 2 g^ch value 

intervals, are indicated by small of the pooled tissues 

plotted for coenzyme A represents a e e acid-deficient rats 

from two rats It may be seen t a _Q+eQt rn all tissues examined, 
showed marked decreases m coenzyme adrenal The 

the absolute decreases bemg most prominent m the uve 
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nboflavin-deficient animals showed coenzyme values not sigmficantly 
different from noimal on a unit weight basis despite the fact that they 
grew more poorly than the pantothenic acid-deficient group The rise m 
the coenzyme A content of the liveis of the noimal and iiboflavin-defi 
cient lats after 3 w^eeks on the symthetic diets is piobably due to the higher 
content of pantothenic acid of these expeiimental diets over that of the 
stock food In heart, liver, and ludney there was a lag of 3 weeks before 
significant reduction m coenzyune A content occurred, m adrenal, it ap 



DAYS ON DIET 

Fig 1 Growth curves for normal and pantothenic acid-deficient ducks and nor 
mal, nboflavin-deficient, and pantothenic acid-deficient rats Body weight in gm 
IS plotted against the time in days All animals uere fed ad libitum The dot e 
lines are curves for ducks, the solid lines for rats The crosses sjmbolize dea 
Each point represents results from two to eight animals 


peared to be immediate Histological evammation of the adrenals m 
dicated that the same couise of changes previously reported (11) 
tothenic acid deficiency m rats was found to occui m this series Comp 
elimination of the lipides of the fasciculata occurred at the 9th 
Table I presents the pieliminaiy findmgs on the oxygen consumption^^ 
pyruvate utilization of heart and livei slices taken fiom these rats a 
same time as the tissues sampled for coenzyme A determmation 
were no significant changes from normal m either the Qoj or * 
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of cither deficient 'udil iflcr the 5lh ncok on tiic deficiency diets 
For this ruisun, the \ iliu i oht niitd it l!ic 3id and 5tii wccivs aie averaged 




e PA DEFICIENT 
O RIBOFLAVIN DERCIEHT 
O liORlJAL CONTROLS 




I' 10 2 Changes in the coenzyme A content of liver, adrenal heart, and kidney 
in rats on normal, riboflavin deficient, and pantothenic acid deficient diets Co- 
enzymo A content m units per gm of fresh weight of tissue plotted against the time 
on the diet m weeks Each point represents the mean value for pooled tissues from 
two rats 


S'Dd compared with those obtained at the 9th week All of the determina- 
tions on the controls are averaged It may be seen that both heart and 
hver slices from pantothenic acid-deficient rats at the 9th week metabolized 
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dividual net — Qpyruvato values are plotted against their respective co 
enzyme A concentrations for livei slices fiom deficient, normal, and treated 
ducks and a strict proportionality between pyiuvate utilization and 
coenzyme A concentration is observed 
In the ducks mjected with pantothenate approximately 3 per cent of the 
mjected vitamm was converted to coenzyme A in the liver Two injec 
tions, or an mterval longer than 90 mmutes after mjection, were not neces 



COENZYME A IN UNITS PER GRAM FRESH WEIGHT 


Fig 4 Relationship between net pyruvate utilization (net — QpyruTaie) and cnen 
zyme A content of liver slices from deficient, pantothenic acid treated, and normal 
ducks Net —Qpyruvato values for individual liver slices are plotted against their 
respective coenzyme A values in units per gm of fresh weight of slice The following 
symbols represent the various groups deficient (©), deficient treated in vilro (Oh 
deficient treated in vivo by intrapentoneal injection of 10 mg of calcium pantotnen 
ate per 100 gm of body weight 1 to 2 hours before observation (A), and normal con 
trols fed ad libiliim (O) 

sary for a maximum response A summary of these data is given in Table 

Synthesis of Coenzyme A in Tissue Slices from Deficient Duels 
ability of tissue slices from deficient ducks to synthesize coenzyme 
from added pantothenate in vitro vas tested m a numbei of experimen 
which are summarized m Table IV Although the increases in coenzyme 
A were relatively small vhen compaied with the effect of 
mjected in vivo, the effect of the added vitamm is definite in vitro and m 
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catcs that the sun j\ ing ciLficienl tissue slice is now able to give rise to ad- 
ditioii'il cocnzjinc from its precursors There was no coenzyme found m 
the mcduiin in these e\piiiinents lloth heait and livei slices demon- 
stnted this propertj \ddeel pjiucatc seemed to have no stimulatory 
effect upon cocn 2 >me A sjiUho'i-', wlide added glucose appealed to inhibit 
the sjnthcsw llie null d lewel ed cooiizyinc A is well maintained in slices 
shaken in O 2 from 1 to 2 houn, slices fiom both deficient and normal ducks 
nuinUining from SO to 90 per cent of their oiiginal coenzyme A content 
under these conditions I ig 5 shows the lelationship between the period of 
incubation and the coenzyme V content of iiv'cr slices fiom normal and 

TAIlIb III 
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Table IV 

Synthesis of Coenzyme A %n Vitro from Added Pantothenate in Deficient Tissue Slices 

of Duck 

All experiments conducted m phosphate saline (POi, 20 mxi per liter) at 37 2° 
with 0 as gas phase All tissue slices from pantothenic acid-deficient ducks showing 
gross lesions and other signs of deficiency disease Pyruvate, vhen added, nas at 
6 mM per liter, and glucose was at 11 1 mM per liter 


Expenment 

No 

Tissue slices 

Period 

Substrate added 

Pantothen- 
ate 0 2 mM 
per liter 

Coenzyme A 

Units 
per gm 

Increase • 
units per 
gm 

Per cent 
increase 









1 

Heart 

60 

None 

0 

23 




<< 

60 

tt 

+ 

35 

12 

52 



60 

Pyruvate 

+ 

34 

11 

48 

2 

(( 

60 

None 

0 

19 




<1 

60 


+ 

25 

6 

32 


(< 

60 

Pyruvate 

+ 

25 

6 

32 

3 

Liver 

0 



49 




(( 

60 

Pyruvate 

0 

44 

-5 

-10 


it 

60 

(1 

-f* 

63 

19 

43 

4 

tt 

0 



52 




t< 

60 

Pyruvate 

0 

43 

-9 

-17 


it 

60 

(( 

0 

50 

-2 

—4 


(t 

60 


+ 

56 

12 

26 


tt 

60 

<4 

+ 

61 

15 

32 

5 

ft 

0 



58 




<i 

60 

Pyruvate 

0 

48 

-10 

-17 


tt 

60 

44 

0 

50 

-8 

-12 


it 

60 

44 

+ 

57 

7 

14 


it 

60 

4 4 

+ 

65 

15 

30 

6 

tt 

0 



52 




tt 

0 



50 




It 

60 

None 

0 

47 

-4 

-8 


tt 

60 

44 

0 

49 

—2 

—4 


tt 

60 

Glucose 

+ 

40 

-8 

-16 


tt 

60 

44 

+ 

44 

-4 

-8 


tt 

60 

Pyruvate 

+ 

60 

12 

25 


tt 

60 

44 

+ 

58 

10 

21 


* Increases in coenzyme a in slices wiin aaaeu panioiueuaue wcic 

respect to the mean value obtained on the control slices incubated for the same perio 
without added pantothenate, decreases in control slices were calculated with respec 
to the content of the unincubated slice 

alkaline intestinal phosphatase and a livei enzyme have been found 
to be lequned for the liberation of pantothenic acid from coenzyme 

1 Novelli, G D , Kaplan, N O , and Lipmann, F , in preparation 
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Dephosphorylated coenzyme seems to have less effect upon coenzyme A 
synthesis m li\ er tissues from deficient ducks than has pantothenic acid, as 
IS seen m Experiment 5, Table IV Treatment of coenz 3 Tne A with both 
the alkalme phosphatase and the liver enzyme, however, 3 aelds a product 



Fig 5 Effect of incubating Ii\er slices from normal and pantothenic acid-deficient 
ducks with added sodium pantothenate for 40 minutes Coenzv me A in units per gm 
of fresh weight of slice is plotted against the time in minutes Slices n ere incubated 
at 37° in phosphate salme in an atmosphere of O The upper pair of lines is from 
normal ducks, the lower pair from deficient ducks A alues obtained \iithout added 
pantothenate (O), with added pantothenate (O) 

which IS similar to pantothemc acid m stimulating coenzjmie A synthesis 
m the liver slice (Experiment 6, Table IV) 

When liver slices from deficient ducks are incubated with added panto- 
thenate m an atmosphere of a marked fall in coenzjTne A concentration 
occurs Arsemte also depresses the let el of coenzyme A m these slices 
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DISCUSSION 

A lowered pantothenic acid content of tissues from chicks fed a diet 
low m pantothenic acid was fiist reported by Snell, Pennington, and 
Williams (13) In this and a subsequent report (14) these workers ob- 
served deci eases in the pantothenic acid content of tissues fiom deficient 
ducks of 50 per cent or moie Since it has been shown that substantially 
all of the pantothenic acid found m animal tissues is bound as coenzyme 
A (2), it would be reasonable to e\pect changes of this magnitude m the 
coenzyme A content of the tissues of pantothenic acid-deficicnt animals 

Table V 

Ejjcct of Various Factors and Coenzyme A Fission Products upon Coenzyme A Synthesis 
in Vitro in Deficient Duck Liter Slices 


Medium, phosphate saline, substrate, pyruvate, 5 m\i per liter, time, 60 minutesi 
temperature, 37 2“ 


Etp/TI 

ment 

ho 

Ko of 
deter 
mina 
Uuns 

Tas 

pha^e 

Panto 
ihemle 
0 \ msi 
pnr Ijlpf 

Additional supplement 

Coenzyme A, 
unit, prrij^fn 
wtl 

1 

4 

Oi 

0 


48 ± 2* 

2 


a 

•f* 


60 ± 2 

3 

2 

<< 

+ 

Muscle adenylic acid 3 mg per flask 

59 =b 5 

4 

4 

ti 

0 

Coenzyme A, 60 units per flask 

54 ± 2 

5 

2 

u 

0 

Alkaline phosphatase treated coenzyme A 

55 ± 0 





— 60 units per flask 

63 ± 3 

6 

2 

it 

0 

Alkaline phosphatase treated liver-en- 


j 



zyme treated coenzyme A =■ 60 units 
per flask 

15 db 4 

7 


Na 

4- 

0 

8 

! 1 

Oi 


Arsen ite, 0 01 m 

21 


* The deviations are the standard error of the mean 


Decreases of 50 to 70 per cent in the tissues of deficient rats and ducks were 
found m this study 

Associated with this decrease m the coenzyme A content of heart an 
liver m both species there is a decrease m the ability of these tissues to 
metabolize pyruvic acid The conversion of pyruvate to products ot er 
than lactate is sharply curtailed m liver slices from deficient ducks an is 
restored to approximately noimal by the mjection of pantothenic aci 
to 2 hours before sacrifice of the birds The mjection of pantothenate so 
restores the coenzyme A levels to normal The addition of pantothena 
in vitro to liver slices from deficient ducks has a barely sigmficant e e ^ 
upon coenzyme A content and an msigmficant effect upon pyruvate ut ^ 
tion The changes m the oxygen consumption of heart and fiver 
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from deficient rats and ducks incubated with added pynivate are not as 
marked as the changes in total pyruvate utilization These findings of 
changes in pyiuvate metabolism of tissues from pantothenate-deficient 
rats and ducks confirm the earlier observations of Filgiim, Axehod, and 
Elvehjem (S, 15) with homogenates of livei fiom deficient lats 

It IS known that coenzyme A is essential for the acetylation of aromatic 
ammes m pigeon livei extracts (16) and Riggs and Hegsted (17) have re- 
cently found that rats placed upon pantothenic acid-deficient diets show a 
decreased ability to acetylate injected p-aminobenzoic acid as determined 
by measurement of acetyl-p-aminobenzoic acid m the urine Decieases 
m the proportion of excreted p-ammobenzoic acid acetylated n ere found as 
early as 2 weeks aftei feedmg the deficient diet, at about the time the first 
detectable decreases m the coenzjrme A content of liver occur and long 
before frank deficiency signs were manifest It would appear, therefore, 
that the acetylation of aromatic ammes is more sensitive to decreases in 
the tissue content of coenzyme A than are other reactions such as those 
concerned m the catabolism of pyruvate 

Species differences m the sensitivity to dietary restriction of pantothenic 
acid are evident m a comparison of the time required to deplete the tissues 
of the rat and duck of their coenzyme A contents In the rat, nearly 6 
weeks are required to attam levels which appear to be mmimal and resist 
further reduction, m the duck, the period is 5 days The reason for the 
plateau m the coenzyme level after the initial drop is not completely clear 
It nught conceivably be due to a combmation of coenzyme-protein com- 
plexes of varying stability, the most strongly bound remaming durmg the 
period of the plateau, or possibly to the establishment of a final steady state 
of coenzyme A synthesis and destruction due to mi ni m al mtestmal syn- 
thesis of pantothenic acid 

The rapid S 3 mthesis of coenzyme A after admmistration of pantothenic 
acid to deficient ducks resembles the conversion of pantothenic acid to 
coenz3Tne A m deficient yeast and bacteria (4, 5) The relatively small 
mcrease obtamed with survivmg tissue in vitro with added pantothenate 
IS evidence for a S 3 mthetic system rigidly dependent upon the conditions 
of the hvmg organism for its optimal operation It is possible that sup- 
plementation of the slice with additional unknown reactants needed m the 
manufacture of the coenzyme wnuld increase the yield 

Dorfman, Berkman, and Koser (6) and Hills (7) have suggested that 
the action of pantothenate in the oxidation of pyruvate by Proteus morgann 
is chiefly concerned with the acetate phase The recent studies of Aovelli 
and Lipmann (5) on pantothenic acid-deficient j east indicate more direct y 
that coenzyme A is mtimately associated with the metabolism of acetate 
The acetylation of chohne m bram, the acetilation of sulfanilamide m 
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liver, and the formation of acethydroxamic acid from adenosme triphos- 
phate and acetate (18, 19) aie all leactions which require coenzyme A and 
strengthen the inference that coenzyme A is closely link ed mth acetate 
metabolism 

Dorfman, Berkman, and Koser (6) also find that pantothenic acid ivtII 
stimulate pyruvate oxidation m Proteus morgaim even when acetate is the 
end-product Our results would suppoit equally well the possibility 
that the conversion of pyruvate to active acetate is a reaction catalyzed 
m part by coenz3Tne A Such a possibility is now under investigation 


SUlMMART 

Rats mamtamed on pantothenic acid-free diets for periods up to 9 
weeks mamtam normal coenzyme A content m their tissues for 2 to 3 
k" and then show a giadual depletion to a level 35 to 40 per cent of 
normal 

Ducklmgs show a more rapid depletion of coenzyme A m their tissues, to 
40 per cent of normal, when placed upon a pantothenic acid-deficient 
diet 

Liver slices from rats and ducks deficient m pantothenic acid show a 
decreased abihty to utilize pyruvate This accompanies a low coenzyme A 
content 

Injection of pantothenate mto deficient ducks results m a large increase 
m coenzjmie A m liver and mcreases the abihty of survivmg hver shces to 
utilize pyruvate 

Addition of pantothenate to heart and hver shces from deficient ducks 
results m small but definite mcreases of coenzyme A, of the order of 30 
per cent Normal slices do not synthesize additional coenzyme A under 
these conditions 

Added coenzyme A and its cleavage products do not increase the 
coenzyme A synthesis m deficient tissue shces any more than their respec- 
tive /ree pantothenic acid equivalents 

Nitrogen, arsenite, and glucose mterfere with the synthesis of coenzyme 
A in vitro 


The authors are greatly mdebted to Dr Fritz Lipmann for his const^ 
stimulation and helpful suggestions, both duimg the conduct of the stu y 
and the pieparation of the manuscript We are also mdebted to i'lss 
Charlotte Thrall foi technical assistance m the performance of these e\ 


^ We wnsh to thank Merck and Company, Inc , Rahway, 

Com Industries Research Foundation, New Yoik, and the Sheffield a 
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Company, Inc , New York, for generous supplies of materials used m these 
diets 
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SYNTHESIS OF CARBOX'iT.-L.VBELED TRYPTOPHAN FROM 
HYD.YXTOIN CONTAINING ISOTOPIC CiHlBON 

Bi HOWARD W BOND 

{From the Experimental Biology and Medicine Institute, National Institute of Health 

Bethesda, Maryland) 

(Received for publication. May 8, 1948) 

One of the general methods foi the pteparation of a-amino acids is based 
on the reaction of the appropriate aldeh3’^de (I) with hydantoin (II), giving 
the aldehyde hydantoin (III), which is first leduced and then hydiolyzed, 
giving the conesponding a-amino acid (IV) The prepaiations by this 
proceduie of phenylalanine (1, 2), tyiosme (1), and tiyptophan (3, 4) have 
been described 


n—C— H 4- CH, C=0 RCH==C 

HN‘ 4h * 
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- 0=0 


HN NH 

\ / 
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RCHj— CH 0=0 


HN 


\ / 
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NH 


Hydrolysis 


RCH.CHNHiCOOH 

(IV) 
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The use of hydantoin labeled with isotopic carbon in position 4 in the 
S3mthesis would lead to the corresponding caibovyl-Iabeled ammo acid 
This has been demonstrated by the prepaiation of labeled hydantoin and 
its conversion to carboxyl-labeled tiyptophan 

Hydantom-4-C‘® was piepared m four steps from isotopic potassium 
cyanide according to the scheme, potassium cyanide >■ glycine (V) — >• 
glycine ethyl estei hydrochloride (VI) — ^ hydantoic ethyl ester (VII) — > 
hydantom (VIII) 
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The yield of hydantoin based on potassium cyanide was 57 per cent The 
yield of tryptophan based on hydantom was 59 per cent, giving an over-a 
yield from potassium cyamde of 33 per cent 


EXPERIMENTAL 


Synthesis of Hydantoin Containing Isotopic Carbon 

Isotopic Glycine — ^The directions of Sakami, Evans, and Gurm (5) were 
followed exactly From 2 68 gm of isotopic potassium cyanide w c 
analysis^ showed to contain 20 7 per cent excess 1 93 gm (62 5 per cen 
of glycine, m p 236-237'’ (decomposition) ,2 was obtained An authentic 
sample of glycme melted at 235° (decomposition) , 

Isotopic Glycme Ethyl Ester Hydrochloride — ^The diiections of Hariies an ^ 
Weiss (6) were followed The labeled glycme was covered with 10 0 

absolute ethanol and dry hydrogen chloride was bubbled through t e mix 
ture while suspended in a 65-70° oil bath The glycine 
durmg the comse of 30 mmutes Alcohol was added to replace tha w 
evaporated Treatment with hydrogen chloride was contmued or 
additional 15 mmutes In practice runs the ester 
occasionaUy ciystaUize duimg this last period The ^ gent) 

evaporated to dryness on a warm surface, givmg 3 49 gm (.ys u p 
of glycme ethyl ester hydrochloride, m p 145 2° 


IsoJope Analysis— Excess C“ Calculated, 5 18, found, 5 46, 5 98 

1 All Analyses nere performed on the consolidated mass staff for 

uonal Bureau of Standards I wish to thank Dr Fred L Mohler 

points were taken with the same apparatus, except where not 
are unconected 
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Isolopic Hijdanlotc Ethyl Ester — ^The directions of Hariies and Weiss were 
followed The labeled glycine ethyl ester hydiochloiide was dissolved in 
i ml of w itci, and to it w'as added a slimy of 3 0 gm of fieshly prepared 
potassium cyan ite (7) m 7 0 ml of watei The mi\tuie was stirred until 
pieeipitation st iiteil (1 to 5 inmutcs), and was then cooled at —5° for 2 
houis, filteicd, and dried, giving 3 40 gm (92 4 per cent) of hydantoic ethyl 
ester, mp 129 3-129 8° 

Isotope inalijsts — Excess C'’ Calculated, 4 14, found, 4 21, 4 31 

Isotopic Hydantoin — The directions of Hariies and Weiss and of Wagner 
and Simons (S) weic followed The labeled hydantoic ethyl ester was 
coveied with 15 ml of 25 pei cent hydiochloiic acid and evapoiated to dry- 
ness on a steam bath overnight, giving 2 67 gm of ciude hydantom This 
product was obviously impuie, since the yield exceeded the theoretical 
(2 33 gm ) and the melting pomt, 203-206°, was low Foitunately, how- 
ever, it w as foimd in ti lal runs that this crude matenal could be used directly 
for the synthesis of indolylidenehydantom wnthout recourse to puiification 
by alcohol extraction such as that lecommended by Wagner and Simons 
Since in trial runs in w'hich purification was effected, the 3 neld of hydan- 
tom regulaily appioached quantitative amounts, such a yield is assumed 
heie, giving an oiei-all 3 ’-ieId of hydantoin based on potassium cyanide of 
57 per cent 

Isotope Analysis — Excess C‘^ Calculated, 6 91, found, 6 86, 6 97 

Synthesis of Carhoxyl-Labeled Tryptophan 

Isotopic Indolylidenehydantom — The diiections of Shabica et al (9) were 
follow^ed The labeled hydantom was mixed with 3 38 gm of indole-3- 
aldehyde and 9 0 ml of piperidme in a 100 ml flask equipped with a reflux 
condensei The flask was loweied into an oil bath mamtamed at 150° for 
20 minutes The canary-yellow indolylidenehydantom which formed was 
suspended in 250 ml of water, acidified to Congo red papei with acetic acid, 
filteied, and washed ivith watei, giving 5 00 gm (94 5 pei cent) of mdolyli- 
denehydantom, mp 314-314 5° (metal block), authentic sample, mp 
314° 

Isotope Analysis — Excess C'^ Calculated, I 73, found, 1 50, 1 62 

Isolopic Indolylmethylhydantoin—'The directions of Elks et al (10) were 
followed exactly It was found in practice that the Raney nickel used had 
to be qmte active, otheiwnse the period of hydrogenation was unduly pro- 
longed from the normal 6 hours to about 24, and the resultmg product 
melted over a wide range after softenmg at 218° Fortunately, however, 
this product gave tryptophan upon hydrolysis It was presumed that 
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partial hydrolysis occurred durmg the long contact with sodium hydroxide 
The yield of indolylmethylhydantoin was 3 57 gm (71 0 per cent), mp 
218° The yield in piactice urns was usually about 90 per cent 

Isotope Analysis — Excess Calculated, 1 73, found, 1 75, 1 76 

Isotopic Tryptophan — The directions of Elks el al were followed except 
for two modifieations the indolylmethylhydantoin was hydrolyzed for 40 
instead of 24 houis, and the final product was evaporated to diyness on a 
steam bath mstead of in vacuo Yield, 2 SO gm (88 0 per cent), m p 268° 

Isotope Analysis — Excess C'^ Calculated, 1 88, found, 1 93, 1 98 

The isotopic tryptophan and unlabeled tiyptophan made by the same 
piocess m practice urns showed full tiyptophan activity when tested by 
biological assay ® 

The author is mdebted to Mi Clarence E Emery, Jr , for technical 
assistance m cariying out many of the practice runs 

SHMMARY 

Hydantoin labeled with isotopic carbon has been piepared fiom isotopic 
potassium cyanide in 57 pei cent yield 

Caiboxyl-labeled oL-tryptophan has been piepared fiom the labeled 
hydantom m 59 per cent yield 
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URINARY EXCRETION OE NICOTINIC ACID AND 
N‘-METUYLNICOTINAMIDE BY RATS FED 
TRYPTOPHAN AND DIETS DEFICIENT 
IN ^^ARIOUS B VITAMINS^ 

By PLINIO B JUNQUElRAt and B S SCHWEIGERTf 

{From Ihe Dcparlmcixi of Biochemistry and Niilnlton, Agricultural and Mechanical 
College of Texas, College Station) 

(Received for publication, May 7, 194S) 

The inability of vitamin Bo-deficient lats and mice to convert dietary 
tryptophan to nicotinic acid and its metabolites has been observed by 
several workeis (l-A) Fui thei, -a hen vitamin Be supplements weie given 

to rats pieviously deficient m the vitamin, the animals usually recovered the 
ability to transfoim tiyptophan into nicotmic acid metabolites, although 
the response was appaiently influenced by the seventy of the deficiency of 
vitamin Be (2-4) Animals fed diets adequate in vitamin Be but diffeimg 
in quality and quantity of protein oi in the type of carbohydrate fed do, 
however, synthesize laige amounts of nicotimc acid metabolites when 
tryptophan is fed (5-7) ^ Considerable speculation has arisen as to the site 
of conversion of tiyptophan to nicotmic acid deiivatives, particulaily as to 
the role of mtestmal microoiganisms and of synthesis m the tissues of the 
animal Recent findings have revealed that at least some of the synthesis 
of mcotmic acid fiom tiyptophan can occur mthin the tissues (8) in studies 
conducted without the complicating effects of intestinal micioorgamsms 
This biochemical transformation has stimulated a great deal of inteiest, 
thei efore, not only m the effect of dietaiy factoi s on the apparent conversion 
of tryptophan to nicotmic acid, but in the site of synthesis In the piesent 
study, experiments weie conducted to determme whethei rats deficient in 
vitamins other than vitamin Be were able to convert tryptophan to nicotmic 
acid The urinary exci etion of nicotmic acid and its methylated dei ivative 

” We wish to thank Helen Keene and Frances Panzer for valuable technical assist- 
ance 

Supported in part by a grant from Sn ift and Company and the National Lu estock 
and Meat Board We are also indebted to The Dow Chemical Company for generous 
supplies of DJ -tryptophan, to Merck and Company, Inc , for the pyrido\me hydro- 
chloride, nicotinic acid, biotin, and anthramlic acid, and to Sharp and Dohme for the 
succinylsulfathiazole used in these studies 

t Graduate fellow from Sao Paulo, Brazil, sponsored in part by the Institute of 
International Education 

t Present address. Division of Biochemistry and Nutrition, Mnencan Meat In 
stitute Foundation, University of Chicago, Chicago 
' Sohweigert, B S , unpublished data 
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was determined when rats weie fed adequate diets, diets containing 
succinylsulfathiazole, oi diets deficient in thiamme, nboflavm, pantothenic 
acid, vitamin Bg, pteroylglutamic acid (folic acid), or m calories In 
addition, studies were conducted to determme the effects of feeding l- or 
DL-tr3q3tophan and related compounds on the uiinary excretion of mcotinic 
acid metabolites 


EXPERIMENTAL 

Care of Animals — ^Unless mdicated otherwise, weanling rats of the 
Sprague-Dawley stram were used They were housed m single cages and 
four rats were used in each gi oup m each expeiiment After 3 weeks on the 
experiment two to foui of the rats were selected for metabolism studies 
The procedures used weie similar to those employed m earlier work (1, 4) 
Quantitative urme collections were made simultaneously foi all groups in 
each experimental series for three or more 2 to 3 day periods when the basal 
diets were fed, and three or more alternative peiiods when the basal diets 
plus tryptophan weie fed This sequence of expeiimentation was varied 
slightly foi mdividual experiments Food consumption and weight records 
were kept for all animals used m the metabolism studies 

Composition of Diets — ^The contiol diet used was composed of (m per cent) 
puiified casern 24, sucrose 67, mmeial mixtuie (9) 4, corn oil 4 7, vitamms 
A and D concentrate 0 3, and the followmg amounts of B vitamins per 
100 gm thiamine 250 y, nboflavm 300 y, pyridoxme 250 y, calcium panto- 
thenate 2 mg , cholme 100 mg , inositol 100 mg , biotm 10 y, and synthetic 
pteroylglutamic acid (fohc acid) 200 y The vitamin B-deficient diets 
were prepared by omitting the appropnate vitamm from the lation The 
effect of feeding succinylsulfathiazole was tested with diets in which pteioyl 
glutamic acid was omitted and with diets contammg this vitamin 1 P^^ 
cent of the drug was added at the expense of the carbohydrate Details 
of the dietaiy treatment are mdicated for each experiment 

Results 

Experiment 1 Effect of Feeding Succinylsulfathiazole and Diets Deficieu 
in Pantothenic Acid, Thiamine, Vitamin Bs , or Riboflavin — In the first 
experiments the followmg dietary treatments Avere used control die 
previously described and the diets mdicated by the vitamm omitte , 
pteroylglutamic acid (— PGA), pteroylglutamic acid plus succinyls^^ 
thiazole (— PGA + SS), calcium pantothenate (— PA), thiamme (— 
pyridoxme (—Be), and nboflavm (— flavin) The sequence of 
experiments previously mdicated was used and the results obtained, ei le 
when the basal diets or the basal diets plus 100 mg of DL-tryptophan^^^ 
day were fed, are shoAvn for the last two collection periods in Table 1 
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gam per week and the aveiage food consumption are shown and are tabu- 
lated for the 3id to the oth weeks on expeument, during which time these 
metabolism collections were made N‘-Methylmcotinamide and nicotinic 
acid w'cie deteimmed by methods pieviously descnbed (1) 

It was necessary to supplement the thiamine- and nboflavm-deficient 
groups w’lth small doses of the appropiiate \itamin to prevent death during 
the 4th and 5th weeks The tiyptophan supplement was mixed with the 
daily allocation of food and the food consumption w^as lestricted slightly to 
insuie complete consumption of the tryptophan supplement 

Table I 

Urinary Excretion of Nicotinic icid and JV‘ Mcihylmcohnamtde by Rats Fed Diets 
U-ith and uit/iouC Added Tryptophan and Deficient in Vai lous B Vitamins 


Each rat received the respective basal diets indicated by (— ) and the basal diets 
+ 100 mg of DL tryptophan per day, indicated by (-(-) 
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* See the text for a complete description of the diets used 


It will be noted that laige amounts of N‘-methylmcotinamide and nico- 
tinic acid w'ere excreted when tryptophan w^as fed to rats receiving the basal 
diet, or the basal diet devoid of added pteioylglutamic acid The addition 
of succmylsulfathiazole lesulted in a considerable reduction in the amounts 
excreted, particularly m Period II Some reduction was noted when the 
pantothenic acid-deficient diet was fed How ever, the excretion of nicotinic 
acid metabolites was much highei than that obseiwed w'hen either thiamine, 
riboflavin, or the vitamm Be-deficient diet w^as fed These findings indi- 
cated, therefore, that rats deficient in factors othei than vitamin Be w ere 
also unable to convert dietary tryptophan effectively to nicotmic acid 
metabolites 

An mspection of these results indicated several factors that may be m- 
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volved It can be seen that the magnitude of the values for nicotinic acid 
deiivatives is con elated somewhat with the food intake This is not 
specific, however, since the food consumption of the — PGA + SS group 
was highei than for the PA-deficient group and the excretion values were 
the reverse Furthei , the food intake of the vitamin Bo-deficient group vas 
higher than for the vitamin Bi- or i iboflavin-deficient group and the nico 
time acid excretion was the lowest foi the vitamin Be-deficient group 
Similar exceptions to correlations in rate of gam and urinary excretion data 
are readily apparent Since the vitamins were added to the ration and the 
voluntary food intake vaiied for each group, the intake of the vitamins, 
i e vitamin Bo , which is loiown to affect the efficiency of this conversion, 
was necessarily diffeient for the different gioups The pieliminary effects 
noted when sulfasuxidine was fed were somewhat surprising and groups 
which received pteroylglutamic acid and sulfasuxidine were needed to 
clarify these observations 


Additional groups in this and latei expeiiments were fed 1 mg of nicotinic 
acid in addition to the control diet The growth rates for these animals 
appioximated those for the groups fed the control diet without nicotinic 
acid, thus substantiating earlier obseivations (6) that nicotinic acid supple- 
ments do not inci ease the rate of growth when 24 per cent casein is fed 
Expenmenl 2 Effect of Piet oyljlulaimc Acid in Counteracting Effect of 
Ingestion of Succinylsulfallnazole and Futthet Studies on Other Vitamin B 
Deficiencies — The lesults obtained in Expeiiment 1 weie extended m a 
subsequent ex-penment whuh included the following gioups control diet 


fed ad libitum, control diet lestricted to the food intake of the vitamin 
Brdeficient groups, contiol plus SS, contiol plus SS and restneted food 
mtake, the contiol diet with the following vitamins omitted pteroylglu- 
tamic acid (— PGA), ptei oylglutamic acid plus SS, calcium panto- 
thenate (— PA), thiamine (— Bi), pyndoxine (— Bg), and riboflavin 
(— flavin) To eliminate variable consumption of the vitamins by di - 
feient groups, the vitamin B supplements were given orally by dropper 
calibrated to provide one-tenth the amounts indicated in the section, 
“Composition of the diets,” each day The appiopnate vitamin was 
omitted from the supplement and the solutions wei e refrigerated v hen no^ 
in use Tryptophan supplements weie provided in a manner similar o 
that used m Experiment 1, except that 50 mg of L-tryptophan were e^ 
per day n-Tryptophan was used, since it was possible that the utiliza lo^ 
of D-tryptophan from DL-tryptophan as a precursor of nicotinic acid may 
reduced when the vitamm-deficient diets were fed The results obtame o 
these studies are presented in Table II These results aie 
the 3rd to 5th weeks on the experiment, which includes thiee co 
periods when the basal diet and three when tryptophan supplemen s 
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fed The values for N'-mcthylnicotmamide only are included, since the 
relative values for nicotinic acid foi this and other expeiiments are m good 
agreement with the data obtained for N'-methylnicotinamide, the major 
excretory pioduct m the lat 

Again it was necessaiy to supplement the vitamin Bi and riboflavin- 
deficient groups during the latter phases of the experiment Although 
restriction of the food intake by the control and control plus SS groups to 
that consumed by the vitamin Bi-deficient group was not completely 
successful, the food intake approximated that of the vitamin Bi-deficient 
group (4 6 and 4 2 gm per day, respectively) It was clear that a reduced 

Table II 

Urinary Excretion of A'' Melhylnicotinainidc by Rats Fed Diets with and without 
Additional Tryptophan and Deficient in Various B Viliimins or Calones 


Each rat received the respective basal diets indicated by (— ) and the basal diets 
+ 50 mg of L-tryptophan per day indicated by (+) 
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3 
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144 
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food intake did markedly reduce the urinary excretion of N'-methyl- 
nicotmamide This was observed for both the gioups receiving and not 
receiving succinylsulfathiazole The restiicted groups did, however, 
excrete somewhat more N'-methylnicotinamide than did those receivmg 
vitamm Bi-, Be-, or iiboflavin-deficient diets 
The excietion of N^-methylnicotinamide was again reduced w'hen suc- 
cmylsulfathiazole was fed and no pteroylglutamic acid was added (—PGA 
fl- SS) This effect, however, was completely counteracted either by the 
addition of pteroylglutamic acid (control plus SS) or by the omission of the 
succinylsulfathiazole tvith no added pteroylglutamic acid (— PGA) 
The r6Ie of pteroylglutamic ^cid m counteractmg the effect of feedmg 
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succmylsulfathiazole was therefoie established The small increases noted 
when tryptophan was fed to vitamm Bi-, Be-, or nboflavm-deficient rats, 
as compared to those when the basal diets weie fed, were confirmed 
Further, the excretion of N*-methylnicotinamide observed when tiyptophan 
was ingested by the pantothenic acid-deficient gioup approximated that 
of the control groups These results were m agreement with those obtamed 
m the first experiments and indicated that the methods of B vitamin 
supplementation weie not complicating factors 
After the teimmation of these experiments, the x itamm Be- and thiamme 
deficient groups v ere supplemented with 25 y per rat per day of the ap- 
propriate vitamm and, m successive periods of recovery when tryptophan 

Table III 

Urinary Excretion of Nicotinic icid Metabolites af'er Ingestion of Tryptophan by Still 
Fed Diets Deficient or Adequate in Vitamin Bs and Vitamin Bi 
The results are expressed in micrograms per rat per day 


Dietary regimen 

1 

' Days on 

1 experiment 

Methyl 

nicotiQ 

amide 

h»icotinic 

acid 

N' iletbyl 
nicotm 
amide 

Mcotmic 

aad 

' 

Vitamin Bi-deScient 
group 

Vitamin Bi-defiacat 
group 

Basal diet 

32-34 


n 

220 

13 1 

“ -b tryptophan 

35-37 


■n 

331 

27 7 



4* 25 Y pyndoxmc 

+ 25 y Unamine 



per day 

per day 

“ diet j 

38-40 

167 

10 3 

126 

13 9 

“ -b tryptophan* j 

41-43 

1004 

51 5 

941 


“ diet 

44-46 

200 


273 

1 

“ -b tryptophan* i 

47-19 

2039 


1165 

139 

“ diet . 


435 


315 

45 7 

“ -b tryptophan* 

53-54 

2410 

174 

2119 

144 


* 100 mg of DL-tryptophan per rat per day 


was fed, the response was noted m the amounts of N'-methyhricotmanu e 
and nicotmic acid excreted It wall be noted that a rapid recovery m ® 
ability of the animal to excrete the mcotmic acid deiivatives occurr 
(Table III) The results obtamed m the pretest penod and after ® 
mentation have been presented m Table III dl-Ti yptophan was fed m 

recovery experiments in older to conform to the technique used in previ 
studies on the recovery from a vitamm Ba deficiency (4) The 
noted was not only rapid but similar for both the vitamin Be- and t a 

supplemented groups , , m 

Experiment 3 Effect of Food Intake— It seemed desirable t 
additional information on the effect of the amount of food mgeste 
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apparcat convereion of tryptophan to nicotmic acid metabolites In 
Experiment 3 groups were fed G, 8, or 10 gm of the control diet Other 
tests included weie the control diet fed ad hbtlum, vitamin Be-deficient, 
and nboflaviu-deficient diets The B vitamins were again provided daily 
by dropper, as previously described The vitamin Be- and riboflavin- 
deficient groups w ere selected in order to obtain further comparisons with 

Tvble IV 

Correlation of Excretion of Nicotinic Acid Metabolites with Tryptophan Ingestion, 
Body Weight, and Gam of Rata Fed Various Diels 
Each figure is an average of the results obtained for four collection periods when 
the basal diets isere fed and four periods when the basal diets ■+• 100 mg of l trypto- 
phan were fed Simultaneous urine collections were made for two rats in each group 
during each collection period, consequently the values indicated are averages of 
eight determinations 





Experimental refiimcn 




+ or — 
lf>plo- 
phan 

-B, 

— nho 
flavin 

Complete, 

nii 

Ubtlum 

Complete restricted 

rood iniate per day em 



llkai 

n 6 

10 

s 

6 

ol i,aia p^r tnk 


mm 

30 

29 

16 

9 

6 7 

Urinary excretion of N'-meth- 

+ 

509 

543 

3152 

3223 

1313 

1277 

ylnicotinamide, y per rat per 

- 

156 

165 

480 

383 

77 

103 

day 





178 


70 

Urinary excretion of nicotinic 

-t- 

30 

36 

215 

96 

acid, 7 per rat per day 

— 

15 

16 

40 

28 

19 

15 

Urinary excretion of N'-meth- 

-f 

508 

740 i 

1576 ^ 

2050 

1050 j 

1470 

yliHcotinacnide, 7 per 100 gm 

- 

155 , 

220 

240 

241 , 

62 

118 

body weight 





102 

77 

SO 

Urinary excretion of nicotmic 

"f 1 

30 i 

49 

108 

acid yperlOOgm body weight 

— ' 

15 : 

22 

20 

18 

15 

17 

Tryptophan ingestion, mg per 

+ 

114 

113 

135 

[ 126 

121 

115 

rat per day 

— 

18 7 

14 8 

40 6 

26 4 

21 1 

15 8 

Urinary excretion of N'-meth- 

-b 

4 5 

4 8 

23 4 

25 5 

10 8 

11 0 

ylnicotinaipide, 7 per mg of 

! - 

8 3 

11 1 

11 8 

14 5 

3 7 

8 7 

ingested tryptophan 

i 



1 59 

1 41 

0 79 

0 61 

Urinary excretion of nicotinic 


0 26 

0 32 

acid 7 per mg of ingested 

- 

0 8 

1 1 

1 1 

1 1 

0 9 

1 0 

tryptophan 









groups fed vitamin-deficient or adeciuate diets, but w ith comparable food 
intake In Experiment 3 the tryptophan supplement was increased to 100 
mg of L-tryptophan per day in order to magnify the differences observed 
m the amount of nicotmic acid deiivatives excreted m the urme by groups 
receiving different dietary treatments 
The results of this experiment are summarized m Table IV for four 
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collection periods made duiing the 3id to 6th weeks The excretion of the 
nicotimc acid metabolites when the contiol diets weie fed is influenced by 
the caloric intake The amount excieted was not reduced when 10 gm 
i\eie fed pei day, but was consideiably leduced Mhen only 8 or 6 gm nere 
fed pel day The amount excreted pei day by the latter two groups was 
at least twice that excreted by the vitamm Be- or riboflavm-deficient 
gioups, even though the food intake of the vitamm-deficient groups ap- 
proximated 6 gm per day 

The excretion of mcotinic acid metabohtes by the vaiious groups m 
diffeient experiments has also been compaied on a body weight basis, on the 
basis of tiyptophan ingestion, and pei gm of food consumed The results 
obtamed for the diffeient gioups mcluded m Experiment 3 aie mdicated 
in Table IV foi some of these compaiisons It wnU be noted that, regardless 
of whethei the results aie expressed on the basis of the amount excreted 
per day, per 100 gm of body w eight, per mg of tryptophan consumed, or 
pel gm of food consumed (1), a several fold mcrease m the effectiveness of 
the conversion of tryptophan to nicotinic acid was obtained w'hen the con 
tiol diets veie fed, as compaied to the mcrease when the %ntamm-deficient 
diets Meie fed The tryptophan content of the casern m the diet was 
deteimmed miciobiologically (10) The amount of tryptophan excreted 
as nicotinic acid metabohtes u hen the control diet wms fed averaged 2 to 4 
pel cent of the intake 

It may be concluded, theiefore, from these experiments that the urinaiy 
excretion of mcotmic acid metabohtes when tiyptophan is fed is relatively 
insensitive to the mclusion of succmylsulfathiazole in diets containing 
pteioylglutamic acid, to the omission of pteioylglutamic acid from tte 
diets, or to the omission of pantothenic acid On the other hand, a marked 
reduction m the urmary excretion of nicotmic acid derivatives occurs when 
succmylsulfathiazole is added to diets not contammg pteroylglutamic aci > 
when vitamm Be, thiamme, oi riboflavm is omitted from the diet, or when 


the caloric intake is severely restricted 
Miscellaneous Studies — It was of mteiest to test the comparative effec 
tiveness of l- and DL-tryptophan and also of compounds related to trjy 
phan such as anthranilic acid as mcotmic acid precuisors In these stu » 
young, mature male rats weie used (200 to 250 gm in weight) and the le^ 
was the control diet used m the other studies In most cases the sam^ 
rats w'ere used during diffeient collection periods when n- and DL-tryptop 
or anthramhc acid was fed Three or more rats wmie used m each 
and the results are presented m Table V n-Tryptophan was shown o 
active as a precursor of mcotmic acid m each of the tests conduct ^ 
may be concluded from these tests that D-tiyptophan is utilized essen i^^^^ 
gs effectively as L-tryptophan, while the ingestion of anthraniic 
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lesulted m a use m the e\cietion of N’-methylmcotmamide but not in 
nicotinic acid The results wath anthranilic acid aie, therefore, not con- 
clusive Tests conducted with anthranilic acid levealed that it did not 
inteifeie with the deteimination of N*-methylnicotinainide The response 
noted, theiefore, may have been due to a metabolite of anthianihc acid 
which w'as measuied as N*-methylnicotmamide or to the pi eduction of 
N^-methylnicotinamide Similar findings weie noted when indole w^as 

T\bcl V 

Effect of Ingestion of l Ti gptophan, dl Tryptophan, or ■inthranilic \cid on Excietion 
of jV' Melhylmcotinamide and Nicoltmc Acid by Rat 


The results are expressed m micrograms per rat per daj 


Group No 

Dietary regimen 

N> Methyl 
Dicotm 
amide 

Nicotinic 

acid 

N> Methyl 
nicotm 
amide 

Nicotmic 

acid 

L Tryptophan SO mg 
per rat per day 

DL Tryptophan 100 mg 
per rat per day 

I 

Basal diet 

953 

50 

779 

50 


“ + tryptophan 

1983 

113 

3890 

131 

II 

" diet 

1403 

75 

929 

66 


“ -f tryptophan 

2643 

117 

3217 

184 

III 

‘ diet 

240 

23 

218 

35 


“ tryptophan 

813 

43 

1212 

61 

iii-\ 

“ diet 

220 

24 




“ -1- tryptophan* 

1269 

44 





Anthrooihc acid 

I 

“ diet 

587 

60 6 




“ -t- anthranilic acid 

1464 

43 2 



II 

“ diet 

342 

34 6 

646 

46 7 


“ -h anthranilic acid 

1134 

43 5 

1795 

42 9 


* Group III- A leceived 100 mg per rat per day 


fed (11), howevei, in this case it was demonstiated that indole itself 
mterfered with the detemunation of N*-methylmcotmanude 
A summary of the results obtamed, w^hen tryptophan and i elated com- 
pounds weie fed, on the uimary excretion of nicotmic acid and N*-methyl- 
nicotmamide show'^s that compounds related to tiyptophan that ha\ e been 
tested are eithei inactive or much less active than l- or D-tr 3 T)tophan 
Many investigators have showm that n-tryptophan is actix^e as a precursoi 
of mcotmic acid for several ammal species (12—18) However, mdole- 
propionic acid, indolebutync acid, and mdoleacetic acid are mactive 
(4, 19), the tryptophan metabolites kynuremc acid and xanthuremc acid 
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are also inactive (2), and kynurenine is either inactive or only slightly 
active (2) ‘ It appears likely, theiefore, that none of these compounds is 
the primary intermediate in the lat m the pathway whereby tryptophan is 
converted to nicotinic acid deiivatues The piesent data do not permit an 
evaluation of the compaiative utilization of L- and D-tryptophan by rats 
deficient or paitially deficient in the various vitamins studied The rela- 
tively smaller increases noted when tryptophan is fed as casein rather than 
as the free ammo acid can apparently be explained by the effect of other 
ammo acids contributed by the casein m reducing the amount of nicotinic 
acid produced (5, 20) 


DISCUSSION 

The data pi esented show that several changes in the dietary treatment, 
particulaily wnth leference to the intake of ceitain B vitamins and calories, 
markedly influence the uiinaiy excretion of nicotinic acid metabohtes when 
tryptophan is ingested It is concluded fiom the evidence available at the 
present time that at least a part of this conversion occurs wnthin the tissues 
of the animal, but that the magnitude of the response is perhaps influenced 
by the intestinal micioorganisms Microorganisms that normally occur m 
the intestme have been shown to produce nicotinamide m amounts that 
vary with the amino acids present m the medium (21, 22) Wlien trypto- 
phan was incubated with mixed bacteria! cultuies obtained fiom rat cecum, 
an mcrease in the foimation of nicotinamide w'as observed Certain coli 
strams produce nicotinamide from ornithine, glutamine, and arginine, 
while other ammo acids, including tryptophan, either bad no effect or 
mhibited nicotinamide synthesis 

The pathways involved m the transformation of tryptophan to nicotmic 
acid by New ospoi a have been studied m some detail (23-25) 

The influence of the intestinal flora on the conversion of tryptophan to 
nicotimc acid does not appear to be the only factor involved, however 
This observation is based on the following information (o) tiyptophan 
inci eases the production of nicotinic acid m the developing chick embryo 
(8) , (h) a rapid and large increase m the formation of nicotinic acid occurs 
when tryptophan is fed to a wide variety of animals wnth a w'lde variation m 
experimental conditions and dietary treatment (1-4, 12-19), and a rapi 
and large decrease in the urinary excretion occurs when tryptophan i 
withdrawn! from the diet, which is followed by lapid increases w'hen ^^6 
ammo acid is again supplied, (c) ceitam B vitamin deficiencies, but not a , 


result m an ineffective conveision of tiyptophan to mcotinic 


acid, (d) 


reaUiU iXL — — — c -- rPTSe ill 

intiaperitoneal in 3 ection of tryptophan results in a considerable incr 
the excretion of nicotinic acid metabohtes, although smaller than w^ 
tryptophan is given orally, and (e) succmylsulfathiazole m the piesenc 
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dietary ptcroylglutamic acid does not reduce the amount of nicotinic acid 
excreted 

The metabolic mechanisms involved in this transformation that are m- 
fluepced by a deficiency of thiamine, riboflavin, vitamin Be, and pteroyl- 
glutamic acid have not been defined In view of the laige number of 
chemical changes that aie apparently necessaiy for tryptophan to be con- 
verted to nicotinic acid, it may not be too sin prising that these vitamins do 
function m enzyme systems at vaiious stages in the conveision 

It has been shown that a low protein intake reduces consideiably the 
riboflavin and piotein in the tissues and, as a consequence, the activity of 
tissue enzymes (26-33) It is quite likely, theiefoie, that restriction of the 
caloric intake, and theieby the piotein intake, resulted in a reduction m the 
effective enzyme concentiations in the tissues and was leflected by the 
reduction in the excretion of N*-methyhiicotinamide and nicotinic acid 
when tryptophan was fed Alternatively, the tiyptophan supplements 
may have been utilized as a souice of calories when the food mtake was 
restricted 


STOEMARY 

The amount of nicotinic acid derivatives excieted by lats fed tryptophan 
in addition to purified diets deficient m thiamine, riboflavin, pantothenic 
acid, pteroylglutamic acid, or vitamin Bo has been deteimined 
The urinary excretion of nicotinic acid metabolites when tryptophan was 
fed was relatively insensitive to the inclusion of succinylsulfathiazole in 
diets containing pteioylglutamic acid, to the omission of pteroylglutamic 
acid from the diet, oi to the omission of pantothenic acid Conversely, a 
marked reduction m the uiinary excretion of nicotinic acid occuired wAen 
succinylsulfathiazole was added to diets not containing pteroylglutamic 
acid, and when vitamin Bg, thiamine, or riboflavin was omitted from the 
diet or when the caloric intake was severely restiicted The implications of 
these results are discussed 

D-Tryptophan can be effectively utilized by rats fed adequate diets and a 
summary is included of the results obtained on the uiinary excietion of 
nicotinic acid metabolites w^hen compounds related to tryptophan were 
tested 
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STUDIES ON MALARI \L PARASITES 

IK CHEMICAL AND METABOLIC CHANGES DURING GROWTH AND 
MULTIPLIC VTION IN VIVO \.ND IN VITRO* 

ID ERIC C. BALI, RALPH W MckEE, CHRISTIM^ B ANFINSEN, 
WALTER 0 CRUZ, vnd QUENTIN M GEIMAN 

(From the Department of Biological Chemislry and the Department of Comparative 
Pathology and 7 rnpicnl Mcdtnnc Ifaivaid Medical School, Boston) 

(Roctned for publication, May 0, 1948) 

The giowth and multiplication of malaiial parasites in vibo have been 
described in previous papeis of this senes (1, 7) Cytological examination 
a as mainly employed as a criterion of gioath and multiplication m those 
studies When attempts veie made to assay the essential nature of the 
\aiious components of the medium employed, it became apparent that a 
study of chemical and metabolic changes in addition to cytological obseiva- 
tions might permit a bettei evaluation of the r61e of certain individual 
nutrients m the giowth piocess of the paiasite We therefore undertook 
this study of the chemical and metabolic changes occurrmg durmg the 
groivth and multiplication of the malarial paiasite In older to establish 
the normal pattern, values for parasites undergoing growth and multiplica- 
tion withm the host aie first presented Values are then given foi parasites 
gioivn in vilro The results to be described indicate that paiasites grown 
in vilro, even on oui complete medium, diffei m some aspects of their 
metabolism from those giovm within the animal body 

ilethods 

The geneial procedures foi handlmg and inoculation of monkeys with 
Plasmodium knowlesi, the di aw mg of blood samples, the countmg of blood 
cells and parasites, and then evaluation have been described in Paper VII 
of tins series (7) 

Methods foi the deteimmation of glucose and lactate and measurement of 
oxygen consumption were the same as those described in Paper VI of this 
senes (13) Lactate consumption is calculated by assuming that each 
glucose molecule that disappears yields 2 molecules of lactate From this 
figure, the amount of lactate that actually accumulates is then subtracted 

Inorganic, acid-soluble, 15 minute-hydrolyzable, and total phosphorus 
analyses vveie made by the Fiske and Subbarow method (6) vvath semimicro 

* The work described in this paper was done under a contract recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the President and Fellows of Harvard College during the jears 
1944-45 
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quantities of materials The difference between total P and the sum of 
acid-soIuble P and phospholipide P is expressed m our tables as nucleic acid 
phosphoius We recognize that this fraction may contain some phospho 
protein We believe, howevei, in the case of the parasitized cell, that no 
great eiror arises m treatmg it as all nucleic acid phosphorus m our dis- 
cussions 

Flavin-adenine dmucleotide was determined by means of its ability to 
restore oxygen consumption to a coenzjrme-free n-anuno acid oxidase 
system m the manner fust desciibed by Warburg and Chnstian (22) A 
sample of flavin-adenine dmucleotide kindly supplied by Professor War- 
burg was used as a standard, the puiity being checked by us spectrophoto- 
metiically, using the ,3 value (c/ (2)) at A 450 m^i as equal to 2 60 X 10' 
The cells fi om 4 cc of whole blood were used for analysis The cells were 
centrifuged off, the serum discarded, and the cells laked with 6 cc of water 
Since the serum contained very little fiavm-adenme dmucleotide, washing 
of the cells before laking was omitted The mixture of laked cells was then 
placed m a ivater bath held at 90° and stirred intermittently for 10 minutes 
The mixture was then promptly cooled to room tempeiature and centri- 
fuged, and the supernatant decanted The residue was washed uith 3 cc 
of watei and centrifuged, and the supernatant pooled noth the first 
extiact This process was repeated twice more, and the combined super- 
natants evaporated to dryness in a vacuum desiccator in the cold room 
The diy residue so obtained was extracted with water just before analysis, 
and made up to a total volume of 2 0 cc An aliquot of 0 5 cc usually 
sufficed for a determination 

The analytical methods employed m the assay of the lipide fractions were 
modifications of existing techniques To permit duplicate estimations o 
total fatty acids and phospholipide phosphorus, it was found essential to 
mcrease the sensitivity of the techniques The methods to be described are 
designed for 1 5 to 3 0 cc samples of blood Best results are obtained whea 
the degree of parasitization is greater than 5 per cent, since at lower leve 
the differences between samples of parasitized cells and normal cells do no 
permit an accurate evaluation of the poition contributed by the parasi 
themselves ^ 

Lipide extraction is pei formed by centrifuging the blood samples ( 

3 0 cc ) and discarding the plasma Care must be taken not to distur 
surface of the packed cells, since it is in this stratum that the lighter, ip' 
rich cells predominate The cells are ivashed with 4 volumes of 
0 85 per cent saline, recentnfuged, and the supernatant again 
The cells are then transferred to special extraction vessels, prepare i 
narrow necked, round bottomed centrifuge tubes calibrated at 
contain 50 cc The transfer is made with a Pasteur pipette, and e 
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adhering to the pipette and centiifuge tube are washed into the extraction 
vessel with a minimum of distilled water (two 0 1 cc poitions aie adequate) 
About 30 cc of 3 I alcohol-ethei mixture aie then added rapidly, and the 
vessel stoppered and shaken vigoiously This pioceduie generally yields a 
fine, easily extracted suspension If laige, gummy clots foim, they must be 
thoroughly broken up with a ball-ended Stirling rod The vessel is filled 
to the mark with alcohol-ether mixtuie and shaken at intervals foi about an 
hour Control expenmen ts indicate that the exti action is complete after 
this time interval W irming the tube is not required The extract can 
now be filtered thiough fat-fiee filter paper into 125 cc Erlenmeyer 
uith the usual piecautions against evapoiation As an alternative, the 
vessels may be centrifuged sharply and aliquots lemoved diiectly The 
volume contributed by the solids of the led cell is less than 1 per cent of the 
total volume and is disregarded m the calculations 

In the method for the determination of phosphohpide phosphorus the 
reagents of Fiske and Subbarow (6) aie employed Duplicate 3 cc aliquots 
of the total hpide extract are pipetted into 10 cc calibrated test-tubes 
These are placed in an ammonium sulfate-sulfuiic acid bath (12) and the 
solvents are evapoiated off Then 0 4 cc of 10 n sulfuric acid is added and 
the temperature of the bath slowly raised to about 120°, at w hich point a few 
small drops of fuming uiti ic acid are added down the side of the tube m 
such a manner as to wash the walls The tempeiature is allowed to rise to 
190°, but not above 200° If charring still peisists, another drop or two 
of concentrated nitric acid are added The tube must remain in the bath 
at this temperature until no fuither oxides of nitrogen can be detected 
The tube is cooled, its contents diluted to about 8 cc , swirled to mix, and 
0 3 cc of ammonium molybdate solution added After mixing again, 0 4 
cc of the aminonaphtholsulfonic acid reducing mixtuie is added The 
contents of the tube are mixed at once, diluted to 10 cc , lemixed, and, 
after standing for a minimum of 15 minutes, read in a Klett-Summerson 
photoelectric colorimeter A reagent blank containing all the above com- 
ponents with the exception of phosphate is run as a base-line for the calcula- 
tions The standaid tube for comparison contains 0 0200 mg of inorganic 
phosphorus 

For the determination of total fatty acids, duplicate 15 cc aliquots of 
the total hpide extract are pipetted into 50 cc Erlenmeyei flasks The 
solvents are evapoiated off on a steam bath 2 cc of 1 N alcoholic KOII aie 
added, and the lipides saponified by heating on the steam bath for 45 
minutes If moie than half the alcohol is lost during this process, the 
volume IS brought back to about 2 cc After saponification the solut on is 
transferred quantitatively to large test-tubes (about 25 X 200 mm ) and 
the solvent evaporated m a boiling water bath While the contents of the 
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tube are still warm, 2 5 cc of 1 n sulfuric acid aie added After shaking, 10 
cc of petroleum ether aie added to extract the fatty acids The tubes are 
placed m the lefiigerator and allowed to stand overnight During the 
storage peiiod, sodium sulfate may precipitate Extraction periods up to 
3 days were shown not to jueld any highei lesiilts than those obtained by 
this procedure 

The peti oleum ethei extiact is now washed thoroughly by rinsing downi 
the sides of the tube six times with distilled water The aqueous phase b 
removed as completely as possible after each rinse by means of a long 
capillary tube of about 1 5 mm outside diameter, attached to an aspirator 
and reaching to the bottom of the tube After the final rinse, the tube is 
removed and rinsed off w ith peti oleum ethei The capillary tube should be 
full of water during removal to pie\ ent loss of the petroleum ether phase by 
capillarity The peti oleum ethei is evaporated off and the residuum b 
dissolved m 5 0 cc of 95 per cent ethyl alcohol redistilled from NaOH 
pellets A unifoiTn sized drop of alcoholic phenolphthaleiii is added as 
indicator along with 0 5 cc of distilled w'atei High and variable blank 
titrations occur in the absence of the addition of this quantity of 'vatei 
The alcoholic solution of fatty acids is then titrated wuth 0 05 n NaOH, by 
use of a 1 ml buiette w ith a long capillary tip winch leaches below the sur 
face of the alcoholic solution In analyses for the fatty acids in the red 
cells from 3 0 cc of blood with a noianal hematocrit, the total titration 
varies between about 0 09 and 0 20 cc , depending on the degree of parasiti 
zation 

Hemoglobin and Irematin contents of noimal and parasitized cells ueie 
determmed by a spectroscopic method with the Beclonan quartz spectro 
photometer Hemoglobin was deteimmed on samples of cells laked m 
distilled water, while total hematm wms deteimmed by lalang wuth alkaline 
alcohol (0 04 gm of potassium hj'di oxide in 80 cc of ethyl alcohol) The 
exact procedure of measurement varied with the type of experiment to e 
performed and wall be described in more detail in presenting the results 

Results 

Chemical and Metabolic Changes Occuinng dunng Chowth and Multi'plK^'^hon 
of Plasmodium Knowlesi in Vivo 

It IS necessary to express our results in terms of a unit amount of i^^^ 
cells throughout, smee rt is wath this component of whole blood tba ou^ 
results deal and a wade fluctuation of plasma to red cell volume is^^^^ 
countered from one blood sample to anothei We have chosen as our u^^^ 

5 X 10** total red blood cells, parasitized and normal This is 
of cells present on the average m 1 liter of normal whole blood a 
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permits the lesults to be e\piessed m mw or mg as whole numbeis The 
expiession of icsults in terms of a numbei of red cells rathei than pei volume 
of red cells facilitates the calculation of lesuIts pei parasitized cell, smce the 
parasite count is expiessed in peicentages Hematocrit leadings aie, 
howevei, also given so that if the need arises calculations on this basis may- 
be made by the leader fiom the data The hematociits and red cell counts, 
howevei, sliov agi cement in the evtent of their changes usually to within 
±5 per cent The geneial conclusions to be dia%vn will not be markedly 
affected, theiefoie, by the method of expression of the lesults 
Results have also been expicssed m the tn vivo evperunents in teims of 
5 X 10'- paiasitized cells These figuies have been calculated according to 
the following foimula 

inJi/5 X 10‘^ parasitized cells 

_ mu/o X 10‘* total cells - (nui/5 X 10'^ normal cells X % unparasitized cells) 

% parasitized cells 

In this calculation, we have assumed that, m a sample of parasitized blood, 
the unparasitized cells have the same chemical properties as those in a 
noiTnal blood sample We have no proof foi this assumption 
In Tables I and II, the results of experiments are given which were 
designed to follow changes in the vaiious components and metabolic rates 
under study as the numbei of parasites inci eased In these experiments, 
a sample of blood was withdrawn fiom a monlcey just befoie moculation 
with Plavnodium knowlesi Sampie'? were again diawm at appropriate 
times attei the paiasitemia was well established as shown by hematological 
evaluation of samples of ear blood Attempts w ere made to select infected 
animals in which the asexual stages of the paiasites were “in step,” and to 
draw samples at appioximately the same point m the daily cycle so that 
parasite size would remam nearly constant thioughout 
In Table III, the results of expeiiments aie given which weie designed to 
follow the chemical changes that occur as the paiasite grew from young 
forms to old Consideiable changes also occurred m parasite numbers 
during the interval between the collection of the tw o blood samples In this 
experiment, therefoie, the values calculated for parasitized cells aie a truer 
index of the changes occuinng as a result of paiasite age alone In making 
these calculations, w’e have used the aveiage values for normal monkey 
blood given m the foot-note to Table III, smce no normal blood samples 
were withdiawm fiom the animals used in these experiments 
The results presented m Tables I to III may be best considered together 
The most stiikmg changes have occuned m the rates of utilization of 
oxygen, glucose, and lactate The data in Tables I and II show that a 25- 
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to 35-foId inciease in the rate of both glucose and oxygen consumptioa 
occurs as the paiasite count uses fiom 0 to 45 or 50 per cent The data in 
Table III indicate that the rate of utilization of these two substances has 
doubled or tupled during the growth penod under observation It is to be 

Table I 

Chemical and Metabolic Changes Occui ring in Red Blood Cells As Number of Parasites 

Increases in Vivo 


Monkey 71, 5 6 kilos, infected with Plasmodium knowlesi 



11 30 a.m , Jan 2, 1^15 

10 00 a m , Jan 8, 19-15 

12 00 noon, Jan 9 1915 

Blood sample cc 

Red cells per c mm 

White cells per c mm 

Hematocrit % ; 

ParasMes % ^ 

Ring 

Trophozoites, early 
* late 

Schuonts ' 

Segtnenters 1 

13 

5 26 X 103 , 

9800 

39 a 

0 

13 

•1 Si X 10> 

37 1 i 

17 3 ' 

1 S 

49 0 
jO 5 

IS 0 

4 0 

120* 

2 70 X 10’ 
11,000 

21 8 

4a 0 

1 3 

41 S 

27 5 

20 0 

3 5 


Total 1 Parasitized 

Total j Parasitized 



mM per hr per 5 X 10“ cells 


O 3 consumption 



5 65 

29 8 

17 0 

Glucose consumption 



4 87 

25 6 

15 43 

Lactate “ 

WSM 


3 71 

21 4 

13 SO 

“ accumulation 

1 06 


6 03 


17 06 


niM per 5 X lO'" cells 


Fatty acids 

Total P 

Acid soluble P 

15 min hydrolyzab’e P 
Phospholipide P 

Nucleic acid “ 

4 9 

9 7 

6 SO 

1 30 

1 83 

1 4 

1 

1 

1 

7 3 

12 9 

6 9 

1 45 

2 7 

4 3 

19 7 

28 3 

2 0 

6 5 

IS 2 j 

11 S 

20 1 

6 6 

2 1 

4 2 

9 3 

20 4 

32 9 

31 

70 

19 0 


Mg 

per 5 X 10“ cells 



B 

Flavin-adenine dinuclo- 
otide 

i 0 21 

1 

i 

1 

0 45 

1 62 

0 98 

1 


* Terminal 


noted that in all cases the ratio of the rate of utilization of 
glucose on a millimolar basis is approximately unity Since the 
combustion of 1 mu of glucose to CO 2 and HjO requires 6 nui of 
obvious that complete combustion in these experiments can accoun 
amount of glucose equivalent to only one-sixth of the total that disapp 
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The figures for lactite accumulation radicate that a large part of the glucose 
utilized can be accounted for by this glycolytic product It may be cal- 
culated flora the data given that 51 to 82 per cent of the glucose that 
disappears m heavily parasitized blood appears as lactate If we add to ' 

Table II 

Chomcal and Mclabolic Changes Occurring tn Red Blood Cells ds Number of Parasites 

Increases in Vivo 


Monkey 7S, G 3 kilos, infected with Plasmodium knowlesi 



Feb S ms 

Feb 13 1945 

10 55 a m 

Feb 14 1945 

1 1 00 a m 

Feb la 1945 

BJood 'ample 

Red cells per c mm 
Hematocrit % 

Parasites % 

Rings 1 

TrophoMitcs, early ' 

“ late 

Scht 2 onts ! 

Segmenters I 

12 

6 03 X 10» 

42 6 

0 

J4 

S 23 X 10« 

35 6 

4 2 

0 0 

60 0 

27 0 

9 

1 

3 80 X 10» ' 
28 4 

16 8 

1 0 

39 5 

4S a 

10 0 

0 5 

109 • 

1 56 X 10® 

12 0 

SO 0 

2 0 

44 0 

43 5 

9 5 

1 0 


1 

Total 

Para 

sitized 

Total 

Para 

sitized 

1 

Total 

Para 

sittzed 

1 

' Total 

1 

Para 

silized 


niM per hr per 5 X 10'* colla 


O 2 consumption 

a 


1 07 

5 72 

5 20 

26 7 

21 82 

42 8 

Glucose consumption 



1 28 

18 8 

7 90 

44 5 

18 14 

35 8 

Lactate “ 

0 0 


0 0 

0 0 

2 78 

16 6 

9 97 

19 9 

“ accumulation 

1 02 

■ 

2 56 

37 6 

13 02 

72 4 

26 31 

51 7 


mM per 5 X lO'" cells 


Fatty acids 

Total P 

Acid soluble P 

15 mm -hydrolyzable 
P 

Phospholipide P 
Nucleic acid “ ^ 

3 9 

7 5 

4 77 

0 89 

1 80 

0 90 


4 6 

9 6 

5 59 

1 01 

1 7 
23 

20 7 

57 2 

25 5 

3 81 

34 3 

1 

10 7 

5 86 

1 IS 

2 4 

2 4 

26 8 

11 4 

2 62 

4 8 

9 8 

1 

11 1 

24 4 

9 45 

2 43 

4 5 

10 4 

17 5 

41 3 

14 1 

3 98 

7 1 

19 9 

Mg per 5 X 10'* cells 

Flavin adenine dinu- 

0 14 


0 27 

3 33 

0 40 

1 67 

1 12 

2 10 

cleotide 





1 



1 


* Terminal 


this the 17 per cent reacting with oxygen to form CO 2 , we can account for 
71 to 89 per cent of the glucose utilized by these various bloods The 
pattern of carbohydrate metabolism in Plasmodium knowlesi thus resembles 
that found for Plasmodium gallinaceum by Sdverman et al (IS) 
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Table III 

Chemical and Metabolic Changes Occurring in Red Blood Cells As Parasite Size 

Increases in Vivo 



Monkey S6 6 1 kilo | 

ilonkey 93, 4 4 kilo 

< 20 p m., 

Apr 11 1945 ! 

1 00 p m 

Apr 12, ma 

10 00 a,ra 

June 12 1945 

9 00pm. 

June 12 1945 

Blood sample, cc 

Red cells per c.mia 

White cells, per c,mm 
Hematocnt % 

Parasites, % 

Rings 

Trophozoites early 
“ late 

Schizonts 1 

Segmenters 

3 4j X 10‘ ' 

13 200 ; 

23 0 

33 7 1 

41 

j2 

2^ 

2 

no* j 

2 OS X 10‘ ! 

14 400 

IS 5 

47 S 

6 

27 

40 

25 

2 

17 

3 81 X 10* 

34 sOO 

32 3 

47 4 

4 

88 

1 

2 

1 

17 

2A7 X 10' 

33 lOO 

21 3 

34 4 

2 

16 

71 

4 

0 5 


Total 

1 

Total MtSadt 

~ , 1 Para 

Total 


mM per hr per 5 X lO'® cells 


Oa consumption 

6 48 

17 9 

16 70 

34 2 

8 78 

17 8 

17 95 

51 0 

Glucose consumption 

6 44 

17 9 

14 14 

28 9 

10 77 

22 1 

IS 27 

52 0 

Lactate “ 

4 83 

14 3 

13 07 

27 3 

5 S3 

12 3 

9 37 

27 2 

“ accumulation 

8 05 

21 5 

15 21 

30 5 

15 71 

31 9 

27 71 

7G 8 


niM per 5 X lO'* cells 


1 

Fatty acids 



i 


11 8 

19 7 

10 0 

20 1 

Total P 

12 77 

19 0 

22 33 

36 3 

15 43 

21 9 

17 45 

32 4 

Acid soluble P 

7 18 

8 35 

8 48 

10 5 

7 10 

7 67 

7 61 

9 57 

15 min -hydrolyzable 

1 78 ' 

2 7 

2 46 

3 7 

1 68 ' 

2 09 

2 28 ■ 

4 1 

P 









Phosphohpide P 

3 1 

5 4 

4 4 

7 1 

3 7 

5 7 

4 1 

8 3 

Nucleic acid “ 

1 

2 5 

5 3 

9 5 

18 7 ; 

46 , 

8 5 

58 1 

14 5 

Mg per 5 X lO'^ cells . 

Flavin-adenine dinu- 

0 54 

1 28 

0 84 

1 57 

0 53 

0 93 

0 8» 

2 15 

cleotide 











* Terminal 

t The values for parasitized cells were calculated according to the method gi'"^ 
■n the te\t, with the following values (nui) ford X 10>- normal red cells Ojconstuu^^ 
tion 0 70, glucose consumption 0 60, lactate consumption 1 20 mil per hour, a 
acids 4 7, total P 9 61, acid-soluble P 6 60, 15 mmute-hjdroljzable P 1 31, P 
lipide P 1 91 mu, flavin-ademne dinucleotide 0 17 mg 


On the basis of the values calculated for 100 pei cent parasitize c 
it becomes obvious that each parasitized cell may use from 25 to t 
the oxygen and glucose required by a normal red blood cell The parasi 
cell also, as noted before (13, 23), utilizes lactate, which the norma 
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does nol appeal to do to any gieat extent Even so, it is obvious fiom the 
data piesented heie that the metabolism of glucose by the parasitized cell is 
predommantly of the anaerobic type, such as is found in the normal red cell 
Indeed, as shown eailiei (1), it is possible for Plasmodium Lnowlesi to grow 
and multiply iii vibo iindei piactically anaeiobic conditions 
In the various chemical components that have been studied, theie is 
a definite inciease in all of them, nith the possible exception of acid-soluble 
phosphate, as the paiasite number or size inci eases The total phosphoiais 
value of the cells fiom highly paiasitized samples is double oi tuple that of 
normal colls As might be expected, the greatest part of this mciease is to 
be found m n hat we have chosen to call the nucleic acid phosphorus fraction 
(see “Methods”) In the normal cell, this fraction constitutes, on the 
average, only about 11 pei cent of the total P In the paiasitized cell, it 
compiises fiom 28 pei cent of the total, when the paiasites are veiy young, 
to as high as 64 per cent, when the paiasites aie faiily well developed 
Part of the inciease in total P is due to an increase in the 15 minute-hydio- 
lyzable fraction If, as is customary, we assume that the chief component 
in this P fi action is adenosme triphosphate, then the data show that the 
parasitized cell contains between 2 and 4 times the amount of this high 
energy phosphate compound as does the normal led cell In view of the 
fact that glucose utilization by the paiasitized cell is 25 to 70 tunes that of 
the normal cell, eithei theie must be a more rapid turnover of adenosme 
triphosphate m parasitized cells, or some other eneigy tiansfer mechanism 
is present 

An increase m the phospholipide P also contributes a share to the mciease 
in total P It may be calculated from the data m Tables I to III that the 
parasitized cell contains 2 8 to 4 4 tunes the phospholipide P found in the 
normal led cell, the lange lepresenting the difference between young and 
old forms Concomitant ivith the mcrease in phospholipide P, there is an 
mcrease in fatty acid content The mcrease in fatty acid content parallels 
the phospholipide P changes, so that the latio of mii of fatty acid to mai of 
phospholipide P tends to remam withm the range of 2 5 to 3 0 This aspect 
will be dealt with again m a later section 

The changes in the acid-soluble P fraction of parasitized cells are not 
uniform in the various experiments The data in Table I show little change 
in this P fraction Small inci eases over values for normal red cells may be 
observed m the data given in Tables II and III The acid-soluble P 
fraction includes only oiganic phosphate Values for the 15 minute- 
hydrolyzable fraction, as mentioned above, use inth paiasitization of the 
led cell The morganic phosphate content of the red cell tends to decrease 
upon paiasitization (13) In many noimal cells, glycerol phosphates com- 
prise a large portion of this P fi action, as shown by Rapoport and Guest 
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(15) It seems likely that changes in this component may be responsible 
foi the vaiiation m results observed here, but we have no data bearing upon 
this point 

The 1 emaining component that was studied is flavm-adenine chnucleotide 
The concentiation of this lespiiatory coenzyme also rises as the parasite 
size 01 number increases Fi om the values calculated in the various tables, 
the parasitized cell is seen to contain from G to 15 times the amount of this 
coenzyme that is found in a normal led cell As stated abov^e, the respiia- 
tion rate of the parasitized cell is 25 to 75 times that of the normal cell 
Theie is thus not a direct i elation between the inci eases in this coenzyme 
and respiratory rate The fact that the content of flavin-adenine dinucleo- 
tide IS inci eased m the parasitized cell is suggestive that it plays a role m the 
parasites’ economy This raises the question of the relation of the action of 
atabrme to the functioning of this coenzyme Attempts (8, 10) have been 
made to correlate the action of atabrme with an inlnbition of enzyme 
systems whose coenzyme is flavin-adenine dinucleotide The concentra- 
tion of atabrme needed, how'ever, to inhibit such enzyme systems is some 
what higher than is needed to suppiess parasite giowth xn vivo In view of 
the findings reported here, it seems possible that atabrme may function by 
blocking the synthesis of this coenzyme rathei than by competmg mth it 
for the enzyme molecule 


Chemical and Metabolic Changes Occurring during Growth and Mulliphcatioii 
of Plasmodium knowlesi in Vitio 

Oxygen Consumption — One of the most strikmg changes that occurs in red 
blood cells as they become parasitized is the mcrease in oxygen consump 
tion As pomted out above, for parasites giown in vivo this change is 
readily noticeable whethei the size of the parasite oi the number of paiasites 
per unit number of cells increases For paiasites giown in tnlw, we have 
consistently failed to detect such a concomitant inciease in oxygen con- 
sumption with increase in paiasite size or number The lesults of repie- 
sentative experiments are piesented in Table IV Oxygen consumption is 
expressed m mM per hour per 5 X 10'= cells so as to be directly comparable 
with the in mvo experiments and to cancel out the fluctuations m total red 
cell count that occur in the rocker perfusion type of culture apparatus use 
m these experiments The culture medium employed in Experiments 
R P A -9-3, 43, and 57-1 is that given in Paper I of this series (3) and con 
tamed proteose peptone In Experiment RPA-57-4, both proteose 
peptone and p-ammobenzoic acid w'ere employed, while in Experinien 
R P A -58, only the latter was included, at a concentration of 10 7 per een^ 
Otherwise, the composition of the medium was the same m all experimen 
From the in vivo experiments reported above, the mcrease m oxygeu 
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sumption should be about the same as the inciease m parasite number 
Thus, in E\peiinient R P A -9-3, a 3-fold increase in oxygen consumption 
miglit be expected to occui at the end of the expei iment, u hen the parasite 
peicentage had inci eased from 13 2 to 44 3 The oxygen consumption has, 
however, changed but little thioughout the experiment The only in vibo 
expei iments in w'hieh an increase of oxygen consumption was obsened 
were Expei iments R P 4 -57-1 and 57-4 reported in Table IV It is to be 
noticed that the multiplication of paiasites in both of these expei iments was 
le4)S than 2-fold ard they aie therefore decidedly below p u fiom this stand- 
point In Expei iment R P A -57-4 the inclusion of both pioteose peptone 

Iablf IV 


Respiration of Parasites (Plasinoiliuiit Lnowlesi) Grown in Vitro 


Experiment 

Time 

0 uptake 
mM per hr 
per 0 X 10‘5 
cells 

Blond count 

1 

Red blood 
cells 

Per cent parasites 

Total 



IQH 

|||B9[ 

Decen 

erale 




mUhntts 









1 

po c mm 







R P A -9 3 

0 

5 5 

3 90 

13 2 

13 5 

72 5 

13 0 

0 5 



4 

5 3 

3 80 

13 8 

12 0 

45 0 

36 0 

2 0 i 



6 

5 7 

3 50 

22 0 { 

23 0 

24 5 

35 0 

4 0 



10 

4 7 

' 3 89 

27 0 i 

29 0 

24 0 

30 0 

7 0 



14 

4 6 

' 4 13 

30 6 

43 5 

41 0 

2 5 




20 5 

5 2 

i 3 33 

44 3 

4 5 

76 0 

! 2 0 



R P A -43 

0 

1 35 

1 4 78 

26 j 

0 

64 0 

I 35 0 




22 

1 58 

! 4 27 

10 1 

8 

89 0 

1 2 0 



RPA 57-1 

0 

1 19 

6 57 

7 4 

30 0 

56 0 

4 0 




23 

2 09 

4 07 

11 8 

5 0 

54 0 

22 0 


IS 0 

R P A -57-4 

0 

I 19 

5 57 

7 4 

30 0 

56 0 

4 0 




23 

3 13 

4 16 

13 0 

! 3 0 

58 0 

28 0 

5 0 

2 0 

RPA 58 

0 

1 87 

4 33 

3 6 

'30 

86 0 

7 0 

2 0 



i 23 5 

1 72 

4 03 

13 2 

2 0 

94 0 



3 0 


and p-ammobenzoic acid m the medium may be a contiibuting factor to 
these findings 

We have no explanation for this failuie of parasites grown in vtlto to 
increase their oxygen requirements other than to postulate that our culture 
conditions are not satisfactory for aerobic growth of the parasites We 
have showm previously (1) that parasites can grow and multiply in vitro 
undei nearly anaerobic conditions It is possible that m our culture 
experiments m w^hich the glucose concentration is maintained at high lecels 
(250 mg per cent) the parasites elect to obtain most of their energy bv 
anaerobic processes On the other hand, a contributmg cause may be a 








558 


I'ARASITES IX 


lack of certain heavy metals or other components in our medium that are 
needed for the formation of the respiiatory enzymes of the parasite cell 
Certamly the lack of hemm seems an unhkely cause (see below) 

Glucose and Lactate Metabolism and Phosphoi us Fractions — ^In Table V 
are presented data on the changes in glucose and lactate metabohsm and on 
phosphorus fractions which occui in normal and parasitized blood cultured 
for 21 to 24 hours in vitro by the locker pei fusion technique described in 
Papei VII of this senes (7) A comparison vith the data obtained on 
parasites groivn in vivo indicates that a somewhat different pattern exists 
m the in vitro expeiiments m the case of the phosphorus fractions There 
occurs uniformly a drop in the total acid-soluble phosphoi us of the led cells 
of parasitized blood during the cultivation period The magmtude of this 
fall varies from experiment to expeiiment and may even occui during incu- 
bation by the same technique of normal blood, as indicated by the data for 
Experiment R P A -60-3 given m Table V This decrease m total acid-solu- 
ble phosphorus is reflected m the values for total organic P which show less 
change than those observed m the case of paiasites grown in vivo However, 
m three of the four experiments for which data are presented m Table V some 
mcrease in total organic P occurred in spite of the drop in the acid-soluble P 
fraction There is thus a definite increase in acid-msoluble organic P 
(phosphohpide -t- nucleic acid P) during growth and multiplication of the 
parasites in vitro As m the case of the paiasites giown in vivo, the 15 
mmute-hydrolyzable P fraction also increases as the parasite number 
increases The chief difference between the parasites grown in vivo and 
in vitro thus lies mainly m the acid-soluble fraction This suggests that 
parasites groivn in viho may make more use of the acid-msoluble phos- 
phorus fraction of the red cell to synthesize their needed phosphoims com- 
pounds than do parasites groivn in vivo 

The data for glucose and lactate utilization indicate that the growth an 
multiplication of parasites in vitro aie also accompanied by an increase m 
the metabolic rates of these two compounds The data on glucose an 
lactate utilization presented in Table V were obtamed by two diffeicn 
techniques In Experunents R P A -41, 60-3, 40-1, 60-2, the data were 
obtained by an analysis of the culture medium before and after its passage 
through a cellophane tubing immersed in the parasitized blood samp e 
In the rocker perfusion technique, which has been fully described elsew ere 
(7), about 1 cc per minute of nutrient fluid flows through approximate j 
cc of blood The effluent fluid in these experiments was collecte un 
paraffin oil and toluene At the times stated in Table V , the conten s^^ 
the collectmg bottle were removed and well muxed, the volume 
and glucose and lactate determmations made At the same time, a^ 
sample was also taken for glucose and lactate analysis The glucos 
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tent of the inflowing medium was also detemined Since the volume of 
blood and its red blood cell count were also known, the average hourly 
utilization figuies given m Table V were calculated for each of the tune 
intervals repiesented theie The utilization values obtained by this 
technique reach much highei leiels than those given by the tonometer 
technique This seems to be especially true for values obtamed for the 


TvBLt, V 

Changes in Glucose and Laclale Utilization, and Phosphorous Fractions during Growth 
of Plasmodium knowlcsi in Vitro 


i 

1 

Parasites 

Phosphorus 

j Utilization 

Fxpcrmient i 

i 

1 Time 

Total 

organic 

Acid 

soluble 

organic 

15 nun * 

hydrO' 

Jyced 

Acid 

insoluble 

organic 

Glucose 

Lactate 

1 

1 

hrs 

per cent 

mu per 5 X 10** cells 

mil per hr per 

5 X 10>« cells 

RPA 

0 

0 

12 9 

7 43 


5 5 

0 51 

0 


24 

0 

14 7 

8 33 


6 4 

0 62 

0 

RPA 60-3 

0 

0 

11 1 

6 64 

1 34 

4 6 

0 46 

0 


21 

0 

9 8 

4 97 

I 08 

4 8 

0 69 

0 

R P A -10 I 

0 

5 0 

13 5 

6 56 


6 9 

2 40 

1 10 


23 

22 6 

14 3 

4 49 


0 s 

5 15 

2 01 

RPA 60-2 

0 

4 4 

11 1 

6 07 

1 19 ' 

5 0 ' 

2 26 i 

3 59 


21 

7 0 

12 2 

4 27 i 

1 22 j 

7 9 

2 41 

3 15 

R P A 32 2 

0 

6 0 


6 03 

0 92 1 


% 

* 


4 5 

6 8 


i 



3 11 

3 40 


8 5 

17 2 





1 3 46 

3 40 


22 

20 4 


3 92 ! 

1 48 


t 13 90 

18 40 

RPA 36-1 1 

0 

3 0 

13 2 

8 27 

1 43 

4 9 

1 * 

1 * 

! 

4 5 

9 6 





2 95 

3 84 


10 

16 1 





4 03 

4 94 


23 

12 6 

11 1 

5 50 

i 1 71 

5 6 

4 27 

0 96 

RPA 3S-1 

0 

4 3 

10 9 

6 44 

1 07 

4 5 

* 

* 


4 

' 5 0 





8 8 

13 1 


10 

12 0 





14 2 

24 3 


22 

23 0 

14 2 

6 10 

2 21 

8 1 

20 4 

26 7 


* Values calculated from analysis of the culture medium before and after its per- 
fusion through the culture (see the tevt) 


periods just after segmentation and remvasion have occurred We have no 
explanation for this pronounced difference in results As far as ve could 
ascertain, there was no bacterial contammation of the collected perfusion 
fluid The chief difference m the two techniques lies m the fact that in one, 
the analysis of the perfusion fluid, the metabolism of the parasites during 
segmentation and remvasion is measured In the other, metabolism is 
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measured only during a short period in which the parasite population is 
static Whether this fact can account for the large differences observed 
must await fuither experimentation The observations of Vehck (21) 
are of interest in this connection He showed that the oxygen consumption 
of Plasmodtuvi calhemenwn is greatly accelerated when nuclear division 
begins and concomitantly the respiratory quotient increases 
One point is, however, clear The multiplication of paiasites in vilro is 
attended by an increase in the rate of glucose utilization Indeed, vvnth the 
rocker dilution technique for cultivation, analysis of glucose in the culture 
has been a routine procedure with us, and the extent of multiplication in 
such expel iments can be fairly accurately predicted from the magnitude of 
glucose utilization throughout the culture period 
Phosphohpide Phosphorus and Pally A cid Relationships in Parasitized Red 
Cells Gwwn in Vivo and in Fzho— The importance of the phosphatides in 
relation to fat metabolism in the mammalian organism suggested a study of 
the relationship of phospholipide phosphorus and fatty acid content of 
parasitized cells In Table VI are given data on these two components in 


normal red blood cells of the monkey and in cells w ith varying percentages 
of parasites as drawn directly from monkeys infected with Plasmodium 
knowlesi The molar ratio of fatty acids to phosphohpide P in normal cells 
IS on the average 2 46 In liver, this ratio av^erages 7 4 according to cal- 
culations we have made on the data of Handler (9) and Stetten and Grail 
(20) If all the fatty acids were incorporated into phosphatides of the 


lecithin or cephahn type, this ratio w ould be 2 00 On this basis, it is ap- 
parent that flee fatty acid oi neutral fat constitutes only a small portion of 


the total fatty acids of the normal monkey red blood cell The same may 
be said to be tiue for parasitized cells It is of interest in this connection 
that Plasmodium knowlesi is able to oxidize glycerol at a very rapid rate 
(13, 23) Whether this ability to destroy glycerol is related to the low 
neutial fat content of the organism is a matter for fuither exploration 
From the data given in Table VI, it is cleai that an increase in both phos 
phohpide P and fatty acid content occuis as the per cent of parasitized ce s 
m the blood sample rises However, there is little, if any, change m t e 
ratio of these two components The data indicate on the average an in 
crease in the ratio of 7 per cent, which is probably within the experimen a 


Seveial experiments have also been made on parasitized cells gro 

viho The results are given in Table VII There is an indication from 
tw'o experiments given here that an abnormal situation may exist 
relationship of fatty acids to phosphohpide P m parasitized ce s^gr^ 
in mho In both expei iments, an increase in the ratio of fatty a 
phosphohpide P occurred during the 23 hour culture period > 
noted that m each case, though the phosphohpide P content incr 
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fatty acid content increased even more Indeed, the value for fatty 
acids found at the end of Expenment Tl P A -36-1 is the largest encountered 
and exceeds the values leported in Table VI for blood samples containmg 4 
times as many parasites Moie data aie admittedly needed to establish 
this point Theie is, however, a suggestion here that our present culture 
medium may need modification ivith legard to the cholme, methionme, or 

Tahle VI 


Phosphohptde Phosphorus atid Fatly Actd Content of Normal and Parasitized 
(Plasmodium hnowlcsi) Monkey Red Blood Cells 




Blood 
sample No 

«) 

Para'ites 

(2) 

Phospbolipide P 

(3) 

Fatty acids 

C4) 





mu per 

w V per 





S X cells 

S X JO'i cells 


Normal 

1 


1 80 

3 9 

2 17 

ti 

2 


2 08 

5 0 

2 40 

tt 

3 


1 78 

4 9 

2 75 

it 

4 


1 89 

4 2 

2 22 

it 

5 


1 95 

4 8 

2 46 

tt 

6 


1 83 

4 9 

2 70 

tt 

B 


2 00 

5 2 

2 60 

Average 

m 


1 91 

4 7 

2 46 

Parasitized 

1 

7 4 

2 59 



<< 

2 

16 8 

2 40 



ti 

3 

17 3 

2 70 

7 3 

2 70 

tt 

4 

19 0 

2 59 



tt 

5 

27 0 

2 67 



It 

6 

28 0 

2 80 

7 2 

2 57 

tt 

7 

33 7 

3 1 



tt 

8 

34 4 

4 1 

10 0 

2 44 

tt 

9 

40 6 

4 0 

9 4 

2 35 

ft 

10 

45 0 

4 2 

11 8 

2 81 

tt 

11 

47 4 

3 7 

11 8 

3 16 

tt 

12 

50 0 

4 5 

11 1 

2 47 

Average 





2 64 


other components involved m fat metabolism, or that the high glucose con- 
tent of the medium (250 mg per cent) may be causing abnormal fatty acid 
synthesis 

Flatitn-ademne Dinucleotide Changes in N onnal and Parasitized Blood in 
Yilro— The definite increase observed in the flavin-ademne dinucleotide 
content of parasitized blood as the parasites either increase m size or num- 
ber in mvQ mdicates that this coem^une is essential to the groivth of the 
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Table VII 


Phosphohpxde Phosphorus and Fatty Acid Changes in Pai asitizcd Cells (Plasmodium 

knowlesi'^ Giown in Vitro 


Experiment 

(1) 

Time 

(2) 

Parasites ' 

(3) 

Phospholipide P 

W) 

Fatty acids 

(5) 

Ratio, 1 


hrs 

Per cetti 

inu ter 

S X 10‘1 cells 

mif per 
i X 10^^ celts 


R P A 36 1 

0 

3 0 

2 35 

5 2 

2 21 


23 

12 6 

2 81 

12 2 

1 34 

R P A 39 

0 

i 6 6 

2 08 

5 2 



i 23 

11 6 

2 38 

6 8 

1 2 86 

RP A 50 

0 

6 3 

2 02 


i 


22 

28 6 

2 24 




Table VIII 


h lavin adenine Dinuclcotide Changes in Normal and Pat asiltzcd (Plasmodium 
Knowlesi) Blood Cultivated in Vitro at 38° 


Blood 

Expecimeat 

Time 

Parasite count 

Fla\m adcfliBC 
dmucleotide 



hrs 


per cent 

mj per }X10'‘C‘><‘ 

Parasitized monkey 

R P A 58 

0 

Total 

3 6 

0 37 




Rings 

3 0 



1 


Tropho 

86 


1 


! 

zoites 






Schizonts 

7 





Segmenters 

2 




23 5 

Total 

13 2 

0 48 




Rings 

2 




1 

1 

Tropho- 

94 





zoites 




1 


Gameto 

1 





cytes 






Degenei ate 

3 


Normal monkej 

RPA 61 

0 


0 

0 29 



24 0 


0 

0 38 

“ human 

< ( 

0 


0 

U of 



24 0 


0 

0 54 


The rocker perfusion apparatus was employed and a culture medium 
500 y of riboflavin, 500 y of ribose, and 250 y of adenine per liter For further e !" 
of culture technique, see previous papers (1, 7) 


paiasite Similai increases in the amount of this coenzyme can ° 
seived m parasitized blood cultured vitro The results of an experunen 
showmg such a change are given m Table VIII The parasite coun^ 
changed fiom 3 6 to 13 2 per cent in this experiment and a 30 per cen 
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Cl ease m the coenzyme content resulted This change is comparable to 
that observed in the iti vivo experiment repoited m Table II m which a 
IS per cent inciease m flavin-adenme dmucleotide lesulted as the parasite 
count inci eased fiom 4 2 to 16 8 per cent It should be noted, however, 
that inci eases in flavin-adenme dmucleotide content of this magmtude 
may also be obseived m normal blood cultured m the same fashion for 24 
houis The lesults of an expeiiment with both normal monkey and human 
blood m vlnch such a change is observed are also given m Table VIII 
The sjmthesis of the flavm coenzyme by normal human blood cells has 
been observed previously by Iflem and Kohn (11) It is thus not possible 
to decide fiom the cultivation expeiiments in vitro whether the malarial 
parasite possesses the ability to carry on the synthesis of this coenzyme 
by itself 01 is dependent upon its host red cell for this important function 
The action of atabrine upon the ability of the noimal red blood cell to 
perfoim this synthesis would be of interest 

Conveision of Hemoglobin to Hemalin by Paiasites in Vivo and in Viho — 
The ability of the malarial paiasite to split off hematm from the hemo- 
globin of the host red cell and to deposit it as an insoluble pigment within 
its own cell has long been lecognized Sinton and Ghosh (19) have re- 
viewed the eaily ivork in this field and, most recently, Runington et al 
(16) have confiimed the conclusion of earlier w'oikers that the pigment de- 
posited within the paiasite is hematm Little w'ork has, however, been 
done on the quantitative aspects of this conversion We liave, theiefoie, 
attempted a few experiments along these lines 

In Table IX are piesented the lesults of an expeiunent pei formed on a 
monkey infected ivith Plasmodium Lnowlesi Samples of blood were diawn 
at the begmnmg of a cycle when the parasites weie young and then at two 
latei inteiwals duiing the cycle as the parasites developed to matuiit 3 '^ 
The hemoglobin content of the blood samples was determined by laking a 
Icnown volume of blood ivith watei, diluting to a constant volume, centrifug- 
ing off cellular and paiasite d^biis, and measuimg the optical density of the 
supernatant at the two chief wave-lengths in the visible legion of oxyhemo- 
globm Alkalme hematm was determmed in a similar fashion mth alkaline 
alcohol (0 04 gm of KOH in 80 per cent ethyl alcohol) to lake the cells 
The hemoglobm of the cells is thereby conveited to hematm and any 
pieformed hematm in the paiasites is also extracted, total hematm com- 
bined 01 free is thus deteimined 

The values for the optical densities given m Table IX aie expiessed m 
temis of a unit number of total red blood cells (parasitized and normal) m 
Older that hemoglobm and hematm concentrations of the different samples 
may be dnectly compaied It is clear that per unit number of cells there 
has been a decrease m hemoglobm concentration but no change m total 
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hematin concentration as the experiment progressed Since this decrease 
in hemoglobin has occuned concomitantly with a small deciease in pei cent 
of paiasitized cells, it can be attiibuted entiiely to hemoglobin destruction 
accompanying growth of the paiasite from a pie-iing and early trophozoite 
foim to a schizont oi segmenter The total decrease in hemoglobin con- 
centration is of the ordei of 17 pei cent The maximum to be expected 
would be 21 pei cent if it is assumed that all the hemoglobin in each paia- 
sitized cell IS entiiely destioyed Since the obseived value is 80 per cent of 
the maximum theoretical value, it is evident that during its life cycle, the 
malaiial paiasite destroys nearly all the hemoglobm m its host cell By 


Table IX 

Hemoglobin Dcslruclion during Gioutk in Vivo by Plasmodium knoioksi 
Monkey 118 



2pm Nov S, 
1W5 

9 45 a m , 
Nov 6, 1945 

3 pra 

Nov 6 1945 

Red cells, per c mm X 10'® 

2 96 

1 71 

1 49 

Parasites, % 

25 5 

21 7 

21 2 

Pre nags, % 

25 


2 

Rings, % 

2 i 



Trophozoites, early, % 

59 

20 

12 

“ late, % 

2 

53 

21 

Schizonts, % 

7 

I 24 

j 40 

Segmenters, % 

3 

1 

21 

Gametocytes, % 

1 



Extracellular, etc , % 

; 1 

4 

4 

HbOi* X S-tO mn 

0 71 

0 61 

0 59 

“ * “ 576 “ 

1 0 74 

0 64 

0 61 

Hematin,* “ 593 “ 

0 44 

0 43 

0 44 


* The values are espressed as the readings log lo/I given in a B 3 cknian speotropbo 
tometer by 10® laked red cells per 3 ml of total volume in a cell with a 1 cm hg 
path See the text for further details 


the same token, it may be said that the parasite letams within its cell all o 
the hematm that it splits off from hemoglobm 

The process of hemoglobm destruction by parasitized led cells may a so 
be observed tn vilto In Table X are given the lesults of an expenmen 
demonstratmg this pomt The parasitized cells were banmsted by 
method for differential sedimentation of paiasitized cells horn noimal ce 
described in Paper VII of this series (7) The cell concentrate so 
was incubated m its suspending plasma wthout any additions at 3 a ^ 
in contact with a gas phase of 5 pei cent COo-QS per cent an In S 
22 pel cent decrease m hemoglobm concentration, as measured spe 
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photometrically, was observed The differential parasite count mdicates 
that an increase m paiasite size occurred during this interval, though it is 
also obvious from the increased number of degenerate forms that optimum 
conditions for growth were not present In other experunents it has been 
possible to demonstrate that an increase in hematin content of the parasites 
also occurs dunng the incubation of such a concentrate of parasitized cells 
We have attempted in several ways to learn somethmg about the mecha- 
nism of hematin production by the paiasite, but without much success 
For example, it has not been possible for us to obtam any spectrophoto- 
metric evidence of a breakdown product inteimediate between hemoglobm 
and hematm Concentrates of parasitized cells such as those used m the 

Table X 

Hemoglobin Deslructwn in Vitro bg Concentrate of Cells Parasitized with Plasmodium 

knowlesi 


Monkey 35 92, April 6, 1944 


Betermiaatioo 

Time of mcubatjon 38® 

0 hr 

8 brs 

Red blood cells, per c mm 

30,000 

27,000 

Parasites, per o mm 

26,000 

20,000 

Rings, % 

1 

0 

Trophozoites, % 

91 

42 

Schizonts, % 

5 

29 

Segmenters, % 


3 

Degenerate, % 

3 

23 

Extracellular, % 


3 

HbO:, log h/I at X 576 mu.* 

0 152 

0 118 


* Blood diluted 1 6 with distilled water, parasites and cellular d4bris centrifuged 
off, and supernatant used for determination in the Beckman spectrophotometer, 
1 cm cell 


experiment depicted in Table X yield, on laking and centrifugation, a solu- 
tion whose absorption spectrum as measured in the visible range with the 
Beckman spectrophotometer is identical with that given by oxyhemoglobin 
from normal monkey red blood cells Thus the hemoglobm present at any 
tune within a red cell that is host to a parasite is not distmguishable 
spectroscopically from that present in an unparasitized cell Either the 
degradation changes are too subtle to be detected by the means employed, 
or else degradation of hemoglobin occurs only after it is absorbed by the 
parasite The fact that hematm deposition occurs inthm the parasite 
favors the latter interpretation, but is, of course, no proof of it 

An attempt has been made to detect an enzymatic degradation of 
hemoglobm by parasite extracts Parasites obtamed by saponm lakmg of 
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parasitized cells were giound and incubated with normal monkey hemo 
globm at 38° m the presence of toluene Though some methemoglobm 
formation occurred, the total hemoglobin concentration as determined after 
addition of NasSiOj showed no appieciable alteration 
A simple pioceduie for estimating the degree of hematm formation in a 
sample of blood is to determine the ratio of total alkaline hematm to o'cy- 
hemoglobin spectrophotometncally Since none of the hematm appears to 
leave the parasitized cell, there is an increase m tins latio as the hemo- 
globin content diminishes In Table XI, examples of this piocedure as 
applied to parasitized monkey, human, and duck blood ate given The 
data presented there were obtained by lakmg blood m distiUed water and m 
alkaline alcohol (0 04 gm of KOH m 80 per cent ethyl alcohol) The same 
dilution was employed in both cases, the final volume being chosen so as to 


Table XI 

Ratio of Hematm to Oxyhemoglobin in iVormal and Parasitised Celia 


Blood sample 

{ AlkaUuo hematm 

Total cc!U 

Free hematui 

1 HbOj 

wjtb pigment 

Total hematta 


1 ! 

per cent 

(ir ett! 

Monkey, normal 

1 21 

° i 

40 

“ parasitized, P hnowlesi concen 

trate 

' 2 00 

56 1 

Monkey, parasitized, P / nowlesi roncen 
trate 

' 2 30 

1 

62 

49 

Human, normal 

! 1 15 

0 

12 

“ parasitized, P vivaz concentrate 

1 1 33 

1 37 

Dnok, normal 

1 1 22 

0 

48 

“ parasitized, P lopliurae 

1 2 33 

i 34 


give suitable density leadings m the Beckman spectiophotometei fto 
samples weie centrifuged aftei standing long enough to pennit compe 
extraction of paiasite hematm by the alkalme alcohol, 15 mmutes ^ 
suffice The completeness of extraction may be loughly checked by ® 
ivhiteness of the piecipitate obtamed after centrifuging The log o 
values of the supernatant were then lead m a cell with a 1 
at the following wave-lengths 500, 510, 520, 540, 650, 560, 575, 5 . 

600, 620 m^ The lesultmg density readings weie then totaled oi ea 
solution and their ratio determined It was found that this piocedure g 
more lepioducible results than the employment of leadmgs at on y ^ 
two wave-lengths The ratios for different normal blood for 

any one species by this technique agree withm ±2 per cent i le 
normal human blood is slightly lowei than foi monlvey oi u 
Fiom the latio of alkalme hematm to oxyhemoglobin detemii 
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method foi paiasitized blood, it is possible to calculate the pei cent of total 
iiematm which exists as fiee hematm by use of the folloiving foimula 


(Paras it ucd blood ratio) — (normal b lood ratio) 
Parasitized blood ratio 


X 100 = % of total hematm free 


Values calculated by this foimula aie given in the last column of Table XJ 
Foi eompaiison, theie is given an estimate made microscopically by one ol 
us (W 0 C ) of the pel cent of total cells in which pigment deposition was 
visible 


DISCUSSION 

In consideimg the lesults piesented heie, it should be emphasized that 
they do not lepiesent the maximum changes that can be expected to occui 
within a pai asitized i ed blood cell The maximum differences m chemical 
and metabolic changes u ould undoubtedly be found by comparing normal 
led cells with cells contammg only full grown paiasites, te, segmenteis 
which are just ready to lelease then merozoites In no blood sample 
studied heie have such conditions prevailed, noi have we attempted to 
extrapolate oui values to a theoretical maxunum achievable mass of para- 
site material Thus the values foi the parasitized cell to be dealt with heie 
must be consideied only as approaching the maximum to be expected, and 
might fall well shoi fc of it in some cases 

One of the most pionounced changes encounteied in compaiing the 
paiasitized cell with the noimal is the mciease in nucleic acid phosphoius 
Cytological obseivation has long indicated that material with the staining 
propel ties of nucleic acid accumulates ivithin the pai asite dui mg its gi ow th 
The identihcation of a poition of this as desoxyribose nucleic acid has been 
desciibed m Papei II of this series (4) It is now possible to make some 
quantitative estimates of the total nucleic acid fraction in the parasitized 
cell and to compai e it wath other nucleated cells From the data of Table I, 
it may be calculated that 5 X 10‘- parasitized cells wuth the diffeiential 
count given in the third column contam 17 6 mai more of nucleic acid P 
than do a similar number of noimal red cells This corresponds to 17 6 X 
31 mg 01 545 6 mg of nucleic acid P To compaie this value with values 
given m the hteratme foi other tissues, it is necessary to express it in teims 
of gm of wet weight of cells The volume occupied by 5 X 10'- cells maj 
be assumed to be 450 cc Smce, as showm in Papei III of this senes (5), 
the parasitized cell will lemain suspended in an albumin solution with i 
density of 1 07, this figme may be used as the specific gravity of the para- 
sitized cell Thus, 5 X 10'- parasitized cells wall have a w et w eight of 450 
X 1 07 gm Ol 481 gm The amount of nucleic acid P per 100 gm of wet 
weight of parasitized cells is thus 545 6 mg divided by 4Sl, or 114 mg 
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The values given by Schmidt and Thannhauser (17) for total mg of nucleic 
acid P per 100 gm of wet weight of tissue range from 47 for rat brain to 
182 to 238 for calf th3Tnus, mth rat liver mtermediate, shoivmg values of 
113 to 125 The nucleic acid P content of led cells parasitized iwth 
Plasmodium Lnowlesi thus falls withm the range encountered m mammalian 
tissues Smce nucleic acids contain loughly 10 pei cent phosphorus, the 
total nucleic acid m the 5 X 10'^ parasitized cells considered here is 10 
X 545 6 mg , or 5456 mg 

It would appear fi om data obtained on parasites grown i7i vitro that the 
parasite does not need to be supplied with nucleic acids as such Pre- 
sumably, as mdicated by the data presented here, it can synthesize in vitro 
its own nucleic acids from simpler compounds IVhether, however, the 
parasite can synthesize, for example, all its oivn purines or pyrimidines 
which it mcoiporates into nucleic acid cannot be answered defimtely The 
available evidence would suggest that such a synthesis may be possible 
The case of adenme may be taken as a specific example In the parasitized 
blood samples discussed in the preceding paragraph, an mcrease of 17 6 niii 
of nucleic acid P occuired per 5 X 10*- parasitized cells If one-fourth of 
this phosphorus is equal to the adenine in the basic tetianucleotide, then an 
mciease of 4 4 mil of adenine has occurred m those parasitized cells la 
addition, there has occurred in these same cells an mcrease of 1 8 mai m the 
15 mmute-hydrolyzable P, which, if accepted as commg fiom adenosine 
triphosphate, represents a corresponding mciease m adenme A total in- 
crease of 44 + 18 01 62 mil of adenine has thus occuried The amount 
contributed by the mcrease m flavin-adenme dmucleotide may be neg- 
lected Now 6 2 mil of adenme equal an mcrease of 837 mg of adenine per 

5 X 10*- parasitized cells On this basis, 1 cc of whole blood contaming 
the normal value of 5 X 10^ unparasitized cells should mcrease its adenine 
content by 837 y when 100 per cent of the cells were paiasitized, or 8 37 7 
for each 1 per cent absolute change in paiasitized cell count Now m vitro 
by the rocker dilution technique (7), increases m absolute count fiom 2 to 
pel cent parasitization m 24 hours have been legulaily obtained Thus o 

6 per cent of the cells to become paiasitized, if changes in vitro aie assume^ 
to be similai to those in vivo, it should require 50 2 7 of adenme per 1 cc 0 
blood The 3 cc of media supplied per cc of blood m these 
contam, however, only 0 75 7 of adenine The amount supplied m 6 
standard medium thus falls far short of the amount calculated m this 

be needed and suggests that the parasite is able to synthesize adenme 
unpublished experiments, no effect on growth in miro of the paiasite 
observed when the adenme and the other purine and pyiimidme con en 
the medium was mcreased 10-foId over the standard, though ^ 
obvious that even greater mcreases should be tried We have repor e 
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ho\\e\ ci , a cultivation experiment by the perfusion technique vhich shoved 
tliat the complete absence of all purine and pyrimidine fiom the nutrient 
medium lesulted m poor giovth The question of the synthesis by the 
malarial pai asite of its puimesand pyiimidmes is obviously not answeied by 
these calculations, but the magnitude of its lequirements for these com- 
ponents IS ceitainly bettei defined 

The specific giavity of the paiasitized cell is less than that of the noimal 
cell This fact has been known foi some time, and w'e have made use of it 
to effect the separation of paiasitized and normal cells (5, 7) This change 
can be m pai t explained by the increase in lipide material that occurs w'hen 
the noimal cell becomes parasitized Inci eases of 400 per cent m both 
phospholipide P and fatty acid have been reported m Tables I to III 
Morrison and Jeskey (14) report inci eases of 550 per cent in total lipides in 
cells paiasitized by Plasmodium Lnowlesi Their values include non- 
saponifiable mattei, mainly cholesteiol, which they find aveiages 25 per 
cent of the total lipides Our findings thus appear to be in good agreement 
with theirs, though a comparison of actual values is not possible because 
these authois give no such data for the paiasitized cell in their pieliminary 
report However, Morrison and Jeskey state that 28 8 per cent of the 
total solids of isolated paiasites is lipide mateiial They also report that 
the fatty acids are largely Cu compounds Using our data and assuming 
that the fatty acids are Cia compounds, that the phospholipide fraction is 
lecithin, and the water content of the parasitized cell is 75 per cent, we have 
calculated that the maximum saponifiable lipide content in the parasitized 
cells studied heie is 6 5 per cent of the total dry weight Applying a cor- 
rection foi non-saponifiable material yields results which are appioximatelj 
one-third of those repoited by Monison and Jeskey for the paiasite itself 
This difference must be in pai t attributable to the fact that in dealing w ith 
analyses on parasitized cell samples w'e are not employing 100 pei cent 
parasite material 

The results lepoited heie indicate that parasites growing and multiplying 
in viti 0 ai e not entirely compai able in their metabolic and chemical patterns 
to those giown in vivo Differences such as those that have been obsen ed 
in oxygen consumption and fatty acid-phospholipide ratios furnish hints as 
to impiovements in the basic culture medium that need further exploration 
Any impiovement that can be so achieved should also facilitate the culture 
of the more fastidious human malarial parasites w hich as yet respond less 
satisfactorily than Plasmodium Lnowlesi to our cultivation techniques 

SUAI^URY 

1 Certain metabolic and chemical changes occurring in the red blood 
cells of monkeys as a result of their mvasion, either in viio or in iilro, by 
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the malarial parasite, Plasmodtum knowlesi, have been followed The 
magnitude of the increases that occui is shown to be dependent on both the 
size and age of the parasites and the total number of parasites present 

2 In the studies reported heie, the invasion of the red blood cell by the 
parasite tn mvo results m a 25- to 75-fold increase in the rate of oxygen and 
glucose consumption The molai ratio of the late of utilization of oxygen 
to glucose IS approximately imity, mdicating that an amount of glucose 
equivalent to only one-sixth of the total that disappears is completely 
oxidized Fiom 54 to 82 per cent of the glucose that disappears can be 
accounted for as lactate 

3 The parasitized cell content of fatty acids is 4- to 5-fold, of total 
phosphorus 2- to 4-fold, of 15 mmute-hydiolyzable P 2- to 4-fold, of 
phosphohpide P 2- to 4-fold, of nucleic acid P 10- to 20-fold, of flavin 
adenine dmucleotide 6- to 15-fold that of the normal led blood ceil 

4 In the case of paiasites groiving and multiplying within red cells 
cultivated zn mtro, inci eases m these same values may be obseived as the 
parasite number increases The changes aie not, howevei, as consistent 
nor of the same magnitude as for parasites grown in mvo This is par 
ticularly striking m the case of oxygen consumption, for which no increase 
m rate is usually observed A deficiency of unkno\vn essential nutrients in 
the culture medium is suggested by these results 

5 The molar latio of fatty acids to phosphohpide P in normal monliey 
cells is on the average 2 46 In paiasitized cells, it aveiages 2 64 It is 
concluded that little neutial fat exists m either normal or paiasitized cells 

6 Normal monkey and human led blood cells are able to synthesize 
flavm-adenine dmucleotide zn vtiro fiom the components of the 
meduun Increases observed m the content of this coenzyme m paiasitiz 
cells during growth and multiplication of the parasite tn vitro cannot e 
attributed, therefoie, solely, if at all, to the parasite itself It rs pointe 
out that the relation of this observation to the action of atabrme desen'es 
investigation 

7 The conveision of hemoglobin to bematin by the paiasitized ce 
been followed quantitatively both tn mvo and tn viit o The total nema^^^ 
content of the parasitized cell remams constant during the growth o 
parasite, though a nearly complete conveision of hemoglobm bema 
free hematm may occur during the parasites’ full developmen 
spectroscopic evidence for any mtei mediate m this conversion cou 


obtamed Tnationm 

8 A simple procedure for estimatmg the degree of hematm loi 

a sample of parasitized blood is to determine spectroscopically t e la 

total alkalme hematm to oxyhemoglobm Representative exam 

values on human, duck, and monkey blood are given 
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ENZin\IATIC HYDROLYSIS OF 2,4-DIICETO ACIDS 
By ALTON MEISTER \.nd JESSE P GREENSTEIN 
(.From Ihc N^altonal Cancer Insiilnte, National Institute of Health, Beihesda, Maryland) 
(Received for publication, May 13, lOlS) 

In the course of studies on the desamidation of glutamme in rat liver e\- 
tiacts marked acceleiation of this leaction was noted in the presence of 
2,-i-diketovaleiic acid (acetopymvic acid) ‘ Recent work mdicates that 
pyruvic acid and certain othei a-keto acids inciease the desamidation of 
glutamme in aqueous e\tiacts of noimal and neoplastic rat livei (1-3) 
Investigation of the mechanism of the acceleiation of glutamme desamida- 
tion by 2, 1-diketovaleiic acid revealed that this effect was actually due to 
pyruvic acid formed by hydiolysis of the diketo acid and that 2,4-dilceto- 
valeric acid itself was appaiently inactive in the glutamine system (4) 
This finding led to evpeiiments on other 2,4-diketo acids The present 
studies demonstrate the existence of a hitherto unrecognized enzymatic 
reaction occurung in extracts of liver and kidney, whereby a inde variety of 
2,4-diketo acids (acylpyruvic acids) are hydrolyzed to yield pymvic acid 
and the correspondmg fatty acid 

EXPERIMENT Ai 

Preparation of Disodium Salts of 2,4-Diksto Acids — The general pro- 
cedure of Claisen and Stylos (5) was employed foi the synthesis of 2,4-di- 
keto acid esteis Ethyl oxalate was condensed vath the appropriate 
methyl ketone in the presence of sodium ethoxide to yield the ethyl estei of 
the coi responding 2,4-diketo acid The methyl ketones were obtained 
from the Eastman Kodak Company and redistiUed befoie use Methyl 
7i-heptyl ketone was prepared by the acetoacetic ester synthesis (6) The 
preparation of free 2,4-diketo acids and the corresponding ethyl and 
methyl esteis has been adequately desciibed (see references. Table I) 
However, we have found it possible to prepare the disodium salts of the 
2,4-diketo acids which, in contiast to the free diketo acids, aie stable over 
long periods 

Disodium salts of the noimal aliphatic 2,4-diketo acids and the aromatic 
diketo acids were pi epared as follow s The ester was added to 0 5 v olume of 
acetone and the mixture gently shaken with 2 equivalents of 5 N sodium 
hydroxide Saponification of the ester w'as accompanied by some evolu- 

1 The authors are indebted to Dr Albert L Lehnmger for suggesting that the 
effect of this compound on glutamine desamidation be studied 

573 



674 


2,4-diketo acids 


tion of heat The disodium salt of the diketo acid was then precipitated 
from the clear solution by addition of a large volume of alcohol Ihe 
disodium salt was washed with alcohol and ethei and dried m lacuo 
Acetone may be omitted in the preparation of disodium 2,4-diketovalerate 
but it facilitates saponification of the other esters The disodium salts 
may be repiecipitated fiom ater-alcohol mi\tures Ethyl 2,4-diketo5 
methyl hexanoate, ethyl 2,4-diketo-6-methyl heptanoate, and ethyl 

2.4- dilveto-5,5-dimethyl hexanoate weie saponified as follows Hie estera 
were shaken with 2 equivalents of 0 5 n sodium hydroxide at 5° for 2 to 4 
hours A precipitate, probably of the sodium salt of the ester, fonred 
mitially on addition of the alkali and redissolved on prolonged shaking 
The disodium salt of the acid was then piecipitated by addition of acetone 
Attempts to saponify these esters by the formei procedure invariably re- 
sulted in salts which gave sodium analyses seveial per cent higher than the 
theoretical values 

The compounds prepai ed in the present study are listed in Table I, to- 
gether with analytical data for the ethyl esters and disodium salts The 

2.4- diketo acids may be piepared fiom the conesponding disodium salts 
Free 2,4'diketovaleric acid was piepaied as follows >kn acidified solution 
of the disodium salt wms extracted seceial tmies with ether The solution 
was dried over anhydrous sodium sulfate and evaporated until crystals 
appeared The acid was recrystallized from carbon tetiachloride, m p 98 
(uncorrected) 

Analysis — C 6 H 6 O 4 Calculated, C 46 16, H 4 65, found, C 46 17, H 4 59 

The follow'ing 2,4-diketo acids were precipitated from aqueous solutions of 
the disodium salts by acidification wuth n hydrochloric acid and subse- 
quently recrystalhzed from ether and petroleum ether 

2.4- Diketoundecvlic acid C 11 H 13 O 4 , m p 50° (uncorrocted) 

Calculated, C 61 6'., H 8 47, fo md. C 61 43, II 7 97 

2.4- Diketo-4-phcnjlbutyuc acid, C 10 H 8 O 4 , m p 157° (uiicnrreLted) 

Calculated, C 62 49, 11 4 20, found. C 62 52, H 3 97 

2.4- Diketo-4 (4-niethvlphenyn-butvnc acid, C 11 H 10 O 4 m p 142° (uncorrec 

Calculated, C 64 07, H 4 89, found, C 63 89, il 5 03 

The enzymatic and spectral properties of these compounds w ere idcnti 
with those of the corresponding disodium salts _The 

Spectrophotomeb ic Chat aclenzahon oj ^,^-Dikefo Acids and Esers^^ 

2.4- diketo acids and ethjd esters possess characteristic absorption 
ultraviolet legion which is associated with their enolic 

2 . 4 - diketovaleiate and the ethyl esters of the other 4 ^ 116104 - 

acids studied possess absorption maxima at 2900 A Ethyl , 
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phenyl butyiitc and ethyl 2,4-dilveto-4-(4-methylphenyl) butyrate exhibit 
a broad maximum abhoiption between 3050 and 3150 A and somewhat 
greater molar extinction coefFcients The maximum molai extinction 
coefhcients foi the vaiious 2,4-dilveto acid esteis, deternuned with the 

Table I 


Characlcri'alion of 3 i Dikcto Acid Derivatives 





Ethyl ester 

Disodium salt 


Corrc«pondjn;? 

2 -iKlLkcto atid 

Carbon 

Hidrogen 

MaTimum molar 
extinction coefficient 

Sodium 

Bibliographic 

reference 

Calcu 

lated 

1 

round 

Cat 

cu 

laled 

*0 

a 

o 

o 

[1. 

Calcu 

lated 

Found 

No 


per 

cent 

Per 

call 

per 

cent 



per 

cent 

per 

cent 


n-Valenc 

53 18 

53 09 

6 38 

6 21 

9,010* 

(1 40 X 10- < m) 

26 42 

26 23 

(7-10) 

n Hexanoio 

55 80 

55 63 

! 

7 02 

7 04 

8 500* 

(1 25 X 10- ■* m) 

24 45 

23 54 

(9-12) 

n Heptanoio 

58 05 

57 78 

7 58, 

7 40 

! 

8,950* 

(1 43 X 10- < u) 

22 76 

21 97 

(9, 10, 13) 

n Octanoic 

59 99 

60 07 

8 06 

7 77 

9,100* 

(1 42 X 10- <m) 

21 27 

21 42 

(10, 14) 

n Nonanoio 

61 65 

62 09 

8 47 

8 49 

8,760* 

(1 05 X 10- ‘ si) 

|19 98 

20 08 

(10) 

n-Capnc 

63 13 

63 15 

8 83 

8 81 

8 850* 

(1 23 X 10-" si) 

18 83 

18 92 

(10) 

n-Undecylic 

64 44 

64 45 

9 15 

9 18 

8,400* 

(1 89 X 10-* si) 

17 81 

17 92 

(10) 

5 Methyl n hexanoic 

58 05 

57 76 

7 58 

7 56 

8,970* 

(1 57 X 10- * si) 

22 76 

22 28 

(13) 

6 Methyl-n-hep- 
tanoic 

59 99 

59 87 

8 06 

7 90 

9,780* 

(1 53 X 10- < si) 

21 27 

20 79 

(9. 15) 

5,5-Dimethyl-n- 

hexanoic 

59 99 

60 00 

8 06 

8 04 

9 460* 

(1 34 X 10- * si) 

21 27 

21 26 

(9, 16) 

4 Phenylbutync 

65 45 

65 75 

5 49j 

5 48 

12 900t 

(1 14 X 10-* si) 

19 48 

19 05 

(17) 

4-(4 Methylphenyl)- 
butyric 

66 67 

66 87 

6 031 

6 38 

14 soot 

(1 02 X 10- * si) 

18 38 

18 55 



* At 2900 A in ether 
t At 3100 A in ether 


Beckman model DU spectrophotometei , aie given in Table I The rela- 
tionship betw^een degree of enohzation and ultraviolet absorption was 
demonstrated by a study of the absorption of 2,4-diketovalenc acid at 
different values of pH As the free diketo acid is converted to the enolic 









576 


2,4-diketo acids 


foxm by addition of base, the peak absorption shifts from 2850 to 2950 A, 
and the maximum molai extinction coefficient increases from 3030 to 
18,400 (Fig 1) The changes m absorption due to addition of acid or base 
aie completely and mstantaneously reversible When the change m ab 
sorption IS plotted as a function of pH, points are obtained which closely 
fit theoretical titration curves based upon pK values of 2 5 and 7 8 (lig 
2) The coiiespondmg values obtained by acidometric titration are i 

and 7 85 



1<IG i Ultravioiei; auaurpi^ju 
)f pH Concentration, 0 726 X 10"^ m 

Othei MatejmZs— Acetylacetone, an Eastman J^amide Com 

oefoie use The glutamine was a gift of the America strain, 

pany Approximately 200 male and fema e ® and fouj 

weighmg 150 to 350 gm , seven Stram A mice, ,vere mduced 

cats were used m the present study fed ad hbda«^ 

by feeding p-dimethylammoazobenzene T „se 

except m the case of the cats, which were f^^^ed for 3^^ Y (18 

Analyiical Mei/iods-Pyruvate was ^ete^ed by th 
with n4or modifications The anilme citrate method 
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employed for the detection of acetoacetate Acetate was detei-mmed as 
described by Lipmann (20) and octanoate by the new procedure of 
Lelmmgei and Smith (21) Ammonia was determined by nesslenzation 
after aeration into sulfuric acid tiaps Protem nitrogen analyses were 
made by the usual Kjeldahl technique The Beckman pH meters, models 
G and H, \\ ere employed for the measurement of pH 
Enzymalic Studies — The animals weie killed by decapitation or by a blow 
on the head, followed by exsangumation Tissue extracts were prepared 
by grindmg the fresh tissue ’mth 3 volumes of water m a glass mortar, 
followed by light centrifugation to remove the larger particles Studies m 



Pig 2 Spectrophotometuc titration curves of 2,4 diketovaleric acid Theoreti 
cal curves for pH = pK + log (a/1 -a) a = A D/D, where D represents the total 
change in absorption and aD the increment for a given change in pH The data were 
obtained at 2S50 and 2950 A for Curves A and B, respectively Concentration, 
0 690 X 10"* M Absorption was determined in 0 1 ii glycine hydrochloride, acetate, 
phosphate, and borate buffers for the pH ranges 1 0 to 3 7, 3 S to 4 9, 5 2 to 7 8, and 
7 9 to 10 0, respectively 

which extracts were prepared with the Waring blendoi or Pottei-Elvehjem 
homogenizer yielded similar data when calculated on a tissue nitiogen basis 
All experiments were earned out m a constant tempeiature wmtei bath at 
37° The disodium salts of the 2,4-diketo acids were dissolved in veronal 
or borate buffer and the pH adjusted, rvhen necessary, to the desired value 
by the addition of dilute hydrochloric acid No significant diffeience was 
noted between data obtamed with borate buffers and the xmlues found with 
veronal Usually 1 cc of extract wms meubated wath 1 cc of buffer con- 
tammg the substrate Following incubation, 5 cc of 5 per cent trichloro- 
acetic acid were added and the clear filtrate analyzed for pyTuvate 
Controls with substrate alone and with extract alone w ere employed 
Conventional Warburg vessels were employed for the experiments on 
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Iivei slices After equilibration with 100 ner f>Pnf p 
slices weighing 200 mg were shaken ^ nitrogen, liver 

0 1 M phosphate buffei (pPI 7 4) 0 154 snrJ ^ ^ containing 

chloride, and 0 01 m disodium 2 4 hi 0 02 m anunonium 

end of 30 minutes the ves^^^ miciomoles) At the 

and analyzed for pyruvate bv fUp ^ 

Control vessels wefn^loL t kelson (22) 

omitted which tissue or diketovalerate vas 

2.!zziz 

aqueous evtracts of normal hvei l ^ <^nsamidation of glutamine in 

pyruvate also mcreasertbp T II ^though 

increased the desamidation of glutamine m extracts of 

Table II 

at pH 7 0, 1 oc of 0 014 m gl'utTmme ^ ^ veronal buffer 

2.4 diketovalerate f2sTr^! ^ 


Rat tissue 


Normal liver 

«< a 

t( tt 

Primary hepatoma 


Keto acid 

Ammonia. 

formed 

j Per cent 

I inaea&e 

None 

mcromdcs 

3 9S 

■ 

Pyruvic 

10 S 

171 

Diketovaleric 

10 7 

■ 169 

None 

2 43 

Pj ruvic 

3 72 

53 1 

-Uilvetovalenc | 

2 41 

0 


the ra'tHf °I dilretovaleiate to such extracts did not affect 

me rate of ammonia libeiation fiom glutamine 

the me^an?um Pyruvate a?id Acetate— Investigation of 

valeiate reveul d , ® of glutamme desamidation by cliketo 

eouivalent n compound was hydrolyzed to yield nearly 

Xri ' ^-tiacts (Fig S) Ciketo 

no nvmv f ^ Conditions in the absence of liver extiact, and 

hvArp + ivhen dilcetovaleiate was mcubated with boiled 

mL f equally well in the absence of oxygen 

e pyruvate formed was identified by isolation as the 2,4-dimtrophenyI- 
tiydrazone which was lecrystallized fiom ethyl acetate The melting 
points and spectra of the isolated compound and an authentic sample vere 
identical (m p 214°, mixed m p 214°, uncoriected) No detectable aceto- 
acetate formation occuired Acetate production was demonstrated by the 
followmg experiment 10 cc of liver extract were mcubated xvith 10 cc of 
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0 15 M borate bufler at pH 7 3 containing 0 678 niM of diketovalerate for 10 
minutes, and the rai\tuie as tieated with phosphotungstic acid Analysis 
of the piotcin-fice filtrxte ie\ealed the appearance of 0 182 and 0 155 mji of 
pyiuvate and acetate, lespectively 



TIME IN HOURS 


Pig 3 Hydrolysis of 2,4-diketovaleric acid by rat liver extract The data were 
obtained with 1 oc of extract and 1 cc of 0 15 ii veronal buffer at pH 7 3 containing 
IS 2 micromoles of substrate 



MICROMOLES 2,4-DIKETOVALERATE 

Pig 4 Effect of 2,4-diketovaIeratP concentration on hydrolysis The data were 
obtained with 1 cc of ratliverextract (5 23mg ofNpercc ) and 1 cc of 0 15 ii xcronal 
buffer at pH 7 3 containing substrate Incubated for 10 minutes 

The effect of diketovaleiate concentration on the rate of pyruvate ap- 
pearance m lat hver e\tiact is illustiated m Fig 4 Maximum hydrolysis 
occurs with dilcetovaleiate concentrations of 50 micromoles or greater 
under these conditions The relationship betn een hver extract concentra- 
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tion and hydiolysis is linear below a concentiation of extract equivalent to 
2 5 mg of nitiogen pei cc (Fig 5) 

The hydiolysis of 2,4-dilcetovalerate by several animal tissues was in- 
■vestigated (Table III) Of the tissues exammed, only hver and kidney 
hydiolyzed diketovalerate at an appreciable rate It is of mterest that rat 
hepatoma has little hydrolytic activity Smce diketovalerate does not 
accelerate glutamine desamidation m extracts of rat hepatoma, although 
pyuruvate does, it vould appear that 2,4-dil:etovaleiate itself is not active 
in the glutamine system This conclusion is based on the assumption that 



MG EXTRACT NITROGEN 

Fig 5 Relation between liver extract concentration and hydrolysis 

were obtained with 1 cc of rat liver extract and 1 cc of 0 15 M veronal buffer at pH 
containing 68 micromoles of 2,‘i-diketovalerate Incubated for 20 minutes 

the enzymes of hepatoma and normal hver responsible for this reaction 
aie the same 

Formation of pyruvate xvas also obsenmd m experiments m which ver 
shces weie shaken with dilretovaleiate Under the conditions descri e 
above, 1 G3 and 5 90 micromoles of pyiuxate appeared m 30 nuh'^ 
aerobically and anaerobically, respectively . ^ 

Hydiolysis of Other 2,4-Dikeio Acids — All the 2,4-diketo acids o 
present senes were hydrolyzed by extracts of livei and kidney, 
termined by the appeal ance of pyruvate The relationship betiseea 
lates of hydrolysis of the aliphatic 2,4-diketo acids and the jy 

carbon chain, under the conditions employed, is demonstrated m 
The relative rates of hydrolysis weie approximately the same w 
micromoles of substrate were employed The aromatic diketo aw 
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hydrolyzed at considerably slower rates than those for the aliphatic group 
The activity ratios foi the several substrates in liver and kidney evtracts 
are about the same 

The pH-activity cuiwes for the hydrolysis of the noimal 2,4-dili:eto acids 
containing 5 to 11 carbon atoms and of 2,4-diketo-4-phenyl butyrate by 
liver evtract nere detennined Repiesentative data are given m Fig 6 


T^bld III 

Hydrolysis of 3, i-Dikctoialcrate by Various Animal Tissues 
Data obtained u ith 1 cc of tissue e\traet and 1 cc of 0 15 m veronal buffer at 
pH 7 3, containing 68 micromoles of disodium 2,4 diketovalerate 


MicromoJes pytuvite per mg tissue N 



IS mm 

30 mm 

120 mm 

Rat 

Liver 

3 46 

5 61 

8 25 


Kidney 

2 04 

4 13 

6 56 


Pancreas 


0 449 

1 20 


Lung 


0 298 

1 03 


Brain 


0 239 

0 954 


Spleen 


0 241 

0 964 


Intestine 


0 204 

0 744 


Stomach 


0 175 

0 677 


Cardiac muscle 


0 153 

0 510 


Testis 



0 360 


Skeletal muscle 


i 

0 301 


Primary hepatoma j 


0 272 

0 473 

Mouse 

Liver j 

5 04 

6 46 

9 63 


Kidney I 

2 S3 

4 36 

6 90 


1 Skeletal muscle 



1 0 56a 

Rabbit 

Liver 

1 43 

2 14 

3 20 


Kidney 

0 645 

1 17 

2 11 


Skeletal muscle 



0 230 

Cat 

Liver 

2 90 

3 9S 

6 65 


Kidney 

1 18 

1 71 

3 10 


Skeletal muscle 


0 211 

0 475 


The pH optimum foi the hydiolysis of diketovaleiate in lat ladney extract 
was identical ivith that observed for liver The optimal pH ranges for the 
hydrolysis of 2,4-dilcetohe\anoate, 2,4-diketononanoate, and 2,4-diketo- 
caprate weie 7 5 to 7 8, 8 0 to S 6, and 8 0 to 8 5, respectively Identical 
pH optima were obseiwed m veronal buffers and vith loner substrate 
concentrations 

Hydiolysis of 2,4-diIvetoundecylate would be expected to yield equimolar 
amounts of pyruvate and octanoate In Fig 7 are given the talues of 
octanoate and pyruvate formed when 2,4-diketoundecylate nas meubated 
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Table IV 

Hydrolysis of 2,4-Dikeio Acids by Exlrach of Rat Liver and Kidney 
Expenn-'ents carried out \\ith 1 ce of tissue e\tract and 1 cc of 0 15 m borate buffer 
containing 68 micron oles of substrate jUiphatic substrates were incubated for 10 
and 15 minutes with liver and ludney e\tricts, respectuely Aromatic substratea 
W'ere incubated for 60 minutes 




Micromoles pyruvate per mg 

Substrate 

pH 

extract N per hi 



Liver 

Kidney 

2,4-DiketovaIerate , 

i 

7 3 

15 0 

7 64 

2,4-Diketohe\anoate I 

7 6 

23 7 

14 7 

2 4-Diketoheptanoate 1 

7 6 

5 54 

3 14 

2 4-Diketooctanoate 

8 3 

4 22 

2 15 

2,4 Diketononanoate 

8 3 

10 1 

5 31 

2 4-Diketocaprate 

8 3 

20 2 

9 61 

2,4-DiketoundecyIate 

8 3 

6 63 

2 97 

2,4-Diketo-5 methyl hexanoate 

7 8 

, 14 9 

^ 8 90 

2,4 Diketo 6-n ethyl heptanoate 

7 8 

2 89 

1 50 

2,4-Diketo-5 5 dimethyl hexanoate 

7 8 

6 15 

3 63 

2,4 Diketo 4 phenyl butyrate 

7 8 

0 354 

0 185 

2,4 Diketo-4-(4-metliylphenvl) butyrate 

7 S 

0 309 

0 197 



1* IG 6 pri-actn ity curves lor tne nyarolysis ot me oisouium Dmvo , , jjg 

dibeto acids by rat liver extract 0 = 2 d-diketovalerate X = 2,4 
ate, V = 2,4 diketooctanoate, □ = 2,4-diketoundecylate, O = 2,4 borate 

butyrate The values W'ere obtained with 1 cc of extract and 3 co of 
buffer containing 68 micromoles of substrate Incubated for 10 minutes w 
aliphatic substrates and for 60 minutes with 2,4-diLeto-4-phenyl butyrate 
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wnth liver extract Withm expeiimental error the data indicate the 
appearance of equivalent quantities of these pioducts, the reaction therefore 
being analogous to the hydiolysis of 2,4-diketovalerate 

Hydrolysis of 2,4-diketohe\anoate to pyruvate was also demonstrated 
undei conditions similai to those of Bieusch and Ulusoy (23) 3 gm of 

minced cat liver weie shaken mth 111 miciomoles of disodium 2,4-diketo- 
hexanoate m 7 cc of 0 154 m sodium chloiide at 37° in a Warburg vessel for 
45 minutes Analysis of the vessel contents levealed the appearance of 
65 4 micromoles of pyiuvate, representing hydrolysis of 59 per cent of this 
substrate 

Preparahon of Pai Hally Pm ijied Enzyme ft om Liver — By means of low 
temperature alcohol fractionation, preparations were obtamed from rat 


o 



TIME IN MINUTES 

Fio 7 Hydrolysis of 2 , 4-diketoundecylate by rat liver extract The data were 
obtained with 1 co of extract and 1 cc of 0 15 m borate buffer at pH 8 3 containing 68 
micromoles of substrate 

hver m which the hydrolytic activity towards 2,4-diketo acids was con- 
centrated about 9- or 10-fold The followmg procedure was employed 
Fresh rat liver was homogenized m a Waring blendor with 3 volumes of 
distilled water and the pH of the homogenate adjusted to 4 9 with 0 2 u 
acetic acid Ethanol (50 per cent) was added at —5° to a final concen- 
tration of 15 per cent After standing for 12 hours the nuxture was cen- 
trifuged at -3° Most of the piotem was precipitated, leaving 75 to 80 
per cent of the activity m solution The supernatant was adjusted to 
pH 6 5 with 0 1 m sodium hydroxide, brought to a final concentration 
of 50 per cent ethanol, and allowed to stand at —5 for 12 hours The 
precipitate was collected by centrifugation, dissolved m water, and the 
small msoluble residue removed by centrifugation This clear solution 
was stored at 5°, and retamed its mitial activity for several weeks The 
activity values with respect to 2,4-diketovalerate for tw’o such prepara- 
tions were 23 7 and 27 8 micromoles of pyruvate per mg of mtrogen per 
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10 minutes The coi responding values foi the initial homogenates were 
2 78 and 2 88 The activity ratios foi the hydrolysis of the other diketo 
acids by this preparation were approximately the same as those of rat 
hvei extract 

(Speci? opliotometnc Detei mmalion of Enzyme Activity — ^As descnbed above, 
the aliphatic 2,4-diketo acids possess a characteristic absorption band at 
2950 A at alkalme pH This property may be utilized m following the 
hydrolysis of 2,4-diketovaleiate When this substrate is incubated with 
hvei extract, a progressive decrease m absoiption occurs at all ivave-lengths 
The products of hydrolysis exhibit negligible absorption at 2950 A and the 



MINUTES 

Fig 8 Hydrolysis of 2,4-diketovalerate by a partially purified liver preparation 
as determined by chemical and spectrophotometric methods X = per cent of theo 
retical pyruvate formed, O = per cent decrease in absorption at 2950 A Experimen 
tal details are given in the text 


absorption due to 2,4-diketovalerate at this wave-length is directly pro 
portional to concentration The foUowmg procedure was employed m o 
lorvmg the hydrolysis of 2,4-diketovaleiate 0 2 cc of 0 15 m bora e 
buffer at pH 7 3, containing 0 688 micromole of diketovalerate, is mcu 
bated wnth 0 2 cc of diluted extract or the liver prepaiation descn e 
above Follownng incubation, 10 cc of 0 1 m sodiiun hydroxide 
added and the diluted mixture read m the Beclonan model DU spec r 
photometer agarnst an extract blank at 2950 A Imtial density r^ 
of 1 22 are obtained under these conditions Controls with su s^ra^^ 
alone show no decrease m absorption The data given m Fig * 
tiate the application of this method to the hydrolysis of 2 , 4 -dike ov 
rate by the partially purified liver preparation Good agreement e 
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pyruvate formation, and the disappearance of absorption was observed 
The rate of hydrolysis is determined fiom the linear part of the curve It 
IS piobable that this technique could leadily be applied to other diketo 
acids 

In order to characteiize furthei the substiate specificity lequirements of 
this enzymatic reaction, acetylacetone was subjected to enzymatic study 
by the spectrophotometiic method This dilcetone has an absorption curve 
similai to that of an aliphatic 2,4-diketo acid with a band at 2950 A at pH 
10 After incubation of acetylacetone with the paitially purified hvei 
prepaiation foi 30 minutes at values of pH from 6 8 to 8 4, the greatest 
deciease m absorption was 5 per cent It would appear, therefore, that 
replacement of the carboxyl group of 2,4-diketovaleric acid by a methyl 
group renders the compound much less susceptible to enz 5 Tnatic attack 

DISCUSSION 

The 2,4-diketo acids have received relatively little attention from bio- 
chsmical workers In 1937, Krebs and Johnson reported the formation of 
acetoacetic and /3-hydroxybutyric acids from 2,4-diketovalerate in livei 
slices (24) These authors postulated a condensation of acetic and pyruvic 
acids to yield 2,4-diketovaleric acid, followed by decarboxylation of the 
latter, resultmg m ketone body formation However, recent experiments 
ivith appear to rule out 2,4-dilcetovalerate as an intermediate m the 
formation of acetoacetate from pyruvate (25) In studies on mtact am- 
mals, Lehmnger found that fasting ketosis was greatly augmented by 
the admmistration of 2,4-dilcetovalerate However, this compound also 
appeared to protect agamst death by insulm hjqioglycemia Furthermore, 
a small use m the blood pyruvate level was noted after injection of 2, i-di- 
ketovalerate (26) In contrast to the latter compound, 2,4-drl\;eto- 
octanoate was only slightly absorbed from the gastromtestinal tract of rats 
and did not increase the oxygen consumption of rat tissue slices (14) 

The present experiments show that pyruvate is formed from 2,4-diketo- 
valeric acid and other acylpyruvic acids m extracts of livei and kidney 
Acetate and pyiuvate aie formed from 2,4-diketovalerate m about the 
same molar latio The reaction occurs aerobically and anaerobically, and 
without detectable acetoacetate formation Furthermore, pyruvate nas 
formed from 2,4-diketovaleiate in experiments iiith Iner slices under con- 
ditions similar to those of Kiebs and Johnson The enz 3 Tnatic coniersion 
of 2,4-diketoundecylate to octanoate and pyniiate has also been demon- 
strated These data are compatible with the followmg geneial equation m 
which hydrolysis of an acydpyruvic acid yields 1 mole each of pyuoivic acid 
and the corresponding fatty acid 
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R— C— Cllr-C— COOH HjO RCOOH + CHjCCOOH 
II II > II 


o 


o 


The teim “acylpyruvase” is proposed for the enzjone or enzymes Avhich 
catalyze this reaction If the rates of hydrolysis of the aliphatic diketo 
acids (Table IV) are plotted as a function of carbon chain length, two 
maxima are obtained which correspond to substrates with 6 and 10 carbon 
atoms m the chain The introduction of methyl groups in the 5 position 
of the dilcetohexanoic acid molecule lesulted in decreases in rate of 37 and 
74 per cent for the 5-methyl and 5,5-dimethyl deiivatives, respectively 
Similarly, 2,4-diketo-G-methylheptanoic acid was hydrolyzed more slowly 
than the noimal 7-caibon diketo acid The optimal rate for hydrolysis of 
the 5-, 6 -, and 7-carbon normal diketo acids occurs at the pH range 7 2 to 
7 9, while that for the normal diketo acids containing between 8 and 11 car- 
bon atoms IS pH 8 0 to 8 9 Under the conditions employed 2 , 4 'diketo- 
hexanoate and 2,4-diketocaprate are hydrolyzed more rapidly than the 
other diketo acids studied and in addition these substrates have significantly 
different pH optima These findings suggest the possibility of the existence 
of moie than one acylpyruvase However, similar activity ratios were 
obtamed with the partially puiified enz 5 Tne preparation It is possible 
that other factors may be responsible for these findings and further study 
of the possible multiplicity of acylpyruvase is necessary 
The rdle, if any, of acylpyiuvase in mteimediary metabolism remains to 
be elucidated Apparently 2,4-diketo acids have not yet been isolated 
from biological material, although a closely related compound, a-keto y- 
hydroxyvaleric acid, was isolated from the products of pyruvic acid fer 
mentation by Staphylococcus albus by Fosdick and Rapp (27) T e 
possibility of a reversal, under certain ciicumstances, of the equation given 
above with the formation of 2 , 4 -diketo acids fiom pyruvic acid and fatty 
acid, as oiigmally suggested by Krebs and Johnson for pyiuvic and acetic 
acids, must be considered This is of special interest m view of the acce c - 
ation by p 3 Tuvate of the mcorporation of acetate carbon into liver la y 
acids (28) The occuirence of 01,7 oxidation of fatty acids has never een 
demonstrated, although Jowett and Quastel considered this mechanian or 
the oxidation of odd carbon fatty acids (29) The possiblity of a 
has also been considered by Witzemann (30) Breusch and Ulusoy 
reported that 3 , 5-dilcetohe\anoic acid is converted to acetoacetate w 
meubated with cat liver suspensions (23) Kidney suspensions 
active, as were those of other organs These authois found that ^ 
of acetoacetate were formed fiom each mole of substrate, this resuJ 
considered m harmony with the /3 oxidation-condensation theory 
and Ulusoy conclude that a , 7 oxidation of fatty acids is unlikely, 
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when 2,4-d]lvetohe\ano]c acid was incubated with cat liver suspensions no 
trace of acetoacetate w as formed However, the present data indicate that 
2,4-diketohe\anoic acid is hydrolyzed to yield pyruvic acid under condi- 
tions similar to those of these woikers The reluctance of previous workers 
to pursue the possibility oi a, y oxidation of fatty acids is understandable in 
the light of impi essive evidence supporting the jS oxidation theory How- 
ever, evidence excluding the occurrence of a , 7 oxidation ivith subsequent 
pyruvate foimation as a possible alternative pathway of fatty acid oxida- 
tion has not yet been reported, and, m view of the present findings, further 
work along these Imcs seems desirable 

The authors insh to thank klr Charles Kinser for performmg the ele- 
mental analyses 


SUMMARY 

It has been found that extracts of Iivei and lodney catalyze the hy- 
drolysis of 2,4-diketovaleric acid, yielding nearly equivalent amounts of 
pyruvic and acetic acids This leaction occurs aerobically and anaerobi- 
cally, and without detectable acetoacetate fomiation The effects of 
substrate and liver extract concentration on the rate of hydrolysis have 
been studied Formation of pyruvic acid from 2,4-diketovaleric acid has 
also been demonstrated in liver slices A series of eleven other 2,4-diketo 
acids is hydrolyzed m a similar manner to yield pyruvic acid The hydroly- 
sis of 2,4-diketoundecyhc acid resulted m the appearance of equimolar 
amounts of pyruvic and octanoic acids Of the diketo acids studied, 2,4- 
diketohexanoic and 2,4-diketocapric acids are hydrolyzed most rapidly 
The pH optima for hydiolysis of the noimal aliphatic 2,4-diketo acids are 
in the range 7 2 to 7 9 for the 5-, 6-, and 7-carbon acids, and 8 0 to 8 9 
for the acids containmg between 8 and 11 carbon atoms The term 
“acylpyruvase” is proposed for the enzyme or enzymes which catalyze 
2,4-diketo acid hydrolysis Acylpyruvase activity is present m the liver 
and kidney of the rat, rabbit, cat, and mouse All other tissues studied, 
mcluding primary rat hepatoma, possess little enzymatic activity A 
partially purified enzyme pieparation has been obtained from rat liver 

Methods of pieparation of the disodium salts of 2,4-diketo acids are 
given The ultraviolet absorption spectra for the ethyl esters of aliphatic 
and aiomatic 2,4-diketo acids and the relationship between enohzation 
and ultraviolet absorption are described A spectrophotometric method 
for the determmation of acylpyruvase activity 13 presented 

Implications of these findmgs in terms of intermediary metabolism are 
discussed 



588 


2,4-diketo acids 


BIBLIOGHAPHY 

1 Greenstem, J P , and Carter, C B , / Nat Cancer Inst , 7 57 (1946) 

2 Errera, IM , and Greenstem, J P , Arch Diochem , 16, 449 (1947) 

3 Price, V , and Greenstem, J P , Arch Biochem , m press 

4 Meister, A , and Greenstem, J P , Federation Proc , 7, 173 (1948) 

5 CKisen, L , and Stjlos, N , Ber chem Ges , 20, 2188 (1887) 

6 Johnson, J R , and Hager, F D , m Organic syntheses. New York, coll 1, 2nd 

edition, 351 (1911) 

7 Marvel, C S , and Dreger, E E , m Organic sjntheses. New York, coll 1, 2nd 

edition, 238 (1941) 

8 Lehiiinger,A L , andWitzemann,E 3 ,J Am Chem Soc , 64, 874 (1942) 

9 Royals, EE,./ Am Chem Soc , 67, 1508 (1945) 

10 Breusch, F L , and Reskin, 11 , Enzymologia, 11, 356 (1945) 

11 Diels, 0 , Sielisch, J , and Muller, J , Ber chem Ges , 39, 1328 (1906) 

12 Tracy, A. H , and Elderfield, R G , J Org Chem , 6, 70 (1941) 

13 Eapwortli, A , and Hann, A C 0 ,J Chem Soc , 81, 1485 (1902) 

14 Lehninger, A L , J Biol Chem , 163, 561 (1944) 

16 I4cskiii, H , Ecu fac sc Univ Islanbul,Se>ie A, SI (IQH), Chem Abstr 

16 Couturier, M F , Compt rend Acad , 160, 928 (1910) 

17 Bojer, C , and Claisen, L , Ber chem Ges , 20, 2178 (1887) 

18 Bu, G D , Biochem J , 33, 249 (1939) 

19 Fdson, N L , Biochem J , 29, 2082 (1935) 

20 Lipniann, F , J Biol Chem , 166, 65 (1944) 

21 Lehninger, A L , and Smith, S W , J Biol Chem , 173, 773 (1948) 

22 Elgart, S , and Nelson, N , / Biol CAcm , 138, 443 (1941) 

23 Breusch, F L , and Ulusoy, E , Arc7i Biochem , 14, 183 (1947) 

24 Krebs, H A , and Johnson, W A, Biochem /, 31, 772 (1937) 

25 Weinhouse, S , Medes, G , and Floyd, N F , / Biol Chem , 166, 143 (1944) 

26 Lehninger, A L , A Biol Chem , 148, 393 (1943) 

27 Fosdick, L S , and Rapp, G W , Arch Biochem , 1, 379 (1942-43) 

28 Bloch, K , and Kramer, W , J Biol Chem , 173, 811 (1948) 

29 Jowett,M , and Quastel, J H , Biochem /, 29, 2159 (1935) 

30 Witzemann, E J , in Nord, F F , and Werkman, C H , Advances in enzjmo og 

and related subjects, Kew York, 2, 265 (1942) 



CYTOCHEMICAL STUDIES ON THE CHICKEN 
ERYTHROCYTE 

I MIINO ACID CONTENT AND DISTRIBUTION* 

By R M NIELAiMPY 

{From the Dcparlmenl of Physiology, University of Illinois, Urbana) 

(Received for publication, April 29, 1918) 

Chicken erythrocytes possess many characteristics which make them a 
desuable material foi e\penmental studies m cytochemistry, particularly 
those dealing with the chemical composition of vaiious structural com- 
ponents withm the cell Avian erythrocytes have been used as a con- 
venient source of material for the isolation of nuclei Investigations along 
such lines were reported as early as 1869 by Plosz (1) and Ackermann (2), 
in 1904, prepared nuclei from chicken erythrocytes by laking cells in 
distilled water and precipitating the nuclei in 3 6 per cent sodium chloride 
Warburg (3) used freezing and thawing as a technique for isolating nuclei 
More recently, however, Laskowski (4) recommended lysolecitliin as a 
hemolyzmg agent and Dounce and Lan (5) suggested saponm for this 
purpose Isolated chicken erythrocyte nuclei have been used as a source of 
material for recent biochemical studies on the composition of chromosomes 
(6), electron microscope studies of isolated chromosomes (7), and studies on 
the influence of irradiation on the respiration of nuclei (8) 

This report presents data on the distribution of certam ammo acids in the 
proteins of the nucleus and cytoplasm of the chicken erythrocyte Data 
are also given on the dry v eight and nitrogen content of whole cells and 
isolated nuclei 


Materials and Methods 

Preparation of Eiyihocytes — Five samples of dried erythrocytes, each 
weighing about 2 5 gm , vere prepared and used for the determination of 
ammo acids and total nitrogen The method for collecting the blood as 
well as the procedure for washmg and dr 3 ung the cells is described in an 
earlier report (9) 

Preparation of Nuclei— Five lots of erythiocytes uere prepared and after 
the last washmg u ere lesuspended m buJTeied salme containing 0 3 per cent 

* This work was supported bv funds from the Research Board of the Unuersity of 
Illinois Acknov ledgment is made of the help of Professor H H Mitchell Sodium 
pteroylglutamate used in the assay media was supplied by Dr T H Jukes, Lederle 
Laboratories Division, Mnerican Cjanamid Companj, Pearl Ruer, New ^ork 

5S9 
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Mei ck’s purified saponin as used by Bounce and Lan (5) The erythro- 
03^63 were allowed to stand w itli occasional stirring for 20 to 30 minutes 
until lakeJ The isolated nuclei weie then washed 10 times with physio- 
logical saline adjusted to pH 7 0 with m/ 15 phosphate buffer Nuclei pre- 
paied in this way were slightly yellow in color, and in microscopic appear- 
ance were similar to those prepared by Laskowski and Ryerson (10) A 
hematocytometer was used to make the nuclear count It must be 
emphasized that about 20 per cent of the nuclei in our preparations pos- 
sessed tenuous stiomata, this obseivation confirms the earlier findings of 
Bounce and Lan (5) and Laskowski and Ryerson (10) These nuclear 
pieparations were diied at 105“ and stored for chemical analyses and 
microbiological assays 

Prepai ahon of Hydrolysates — ^All materials were dried to constant n eight 
before samples were taken for hydiolysis 1 gm samples of dried erythro- 
cytes and nuclei w ere transferred to vials prepared by drawnng out 150 X 22 
mm Pyre\ test-tubes To each vial 10 ml of 10 per cent (by volume) hy- 
drochloric acid were added The vials w'ere sealed and autoclaved for 10 
hours at 15 pounds pressure After being cooled, the ampuls were broken 
and the hydiolysate was washed into a beaker wuth a small amount of wa- 
ter The hydrolysate was neutralized with 5 N sodium hydio\ide, the 
pH adjusted to G 8, and the solution was filtered and diluted to a final vol- 
ume of 50 ml with water The hydrolysates w ere stored under toluene in 
a refiigerator and aliquots weie diluted with distilled water before being 
assayed 

Assay Piocedures — Microbiological assays ivere used to determine the 
amounts of the various ammo acids present in the hydrolysates The 
histidine, aiginine, and lysine analyses reported heie were made by the 
Shanlanan Laboiatories, Los Angeles, California, the assay procedure for 
arginine was similar to that of McMahan and Snell (11) e\cept that the 
serine content of the basal medium w as increased 50 per cent and hydroxy 
proline omitted Lactobacillus caset was the test organism Lysine 
histidine w'ere assayed wuth the medium desciibed by Dunn ei al ( >’ 
with Leuconosloc mesenlerotdes P-60 

The method for the determination of amino acids as developed by Sto ves, 
Gunness, Dwyer, and Caswell (13), with Streptococcus faccahs, 
ployed to determine leucine and isoleucine in the erythrocytes and 
phan in both the whole cells and the isolated nuclei The valine an^ 
threonine contents of the erythiocytes xvere determined with Lacto 
aiabinosus 17-5 according to Hier, Graham, Freides, and Klein (W) 
medium of Schweigert, Mclntiie, Elvehjem, and Strong ^nd 

bacillus aiabinosus 17-5 as the assay organism was used for methio 
phenylalanme and, m addition to these, for leucine, isoleucme, v > 
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threonine m the hydiolysates of the nuclei Tyrosine was determined 
according to the method of Gunness, Dwyer, and Stokes (lb), with Lacto- 
baallus delbi uecLit LD5 


Tabie I 

/lm»7!0 Acids and Total Nitrogen of Dried Chicken Erythrocytes and Nuclei 


The results are expressed in mg per gm 


Ammo acjds 

1 

1 

Erythrocytes 

Nuclei 

Uteaa 

j 

Standard 
dcvtation j 

Mean 

Standard 

devialton 

1 

Hiatidme 

51 

0 

b 

9 

0 4 

Arginine 

47 

0 

9 

52 

2 3 

Lysine 

75 

1 

2 

44 

1 6 

Leucine , 

i 92 

! 6 

0 

38 

0 3 

Isoleucmo 

32 

0 

7 

1 26 

0 8 

Valine 

71 

2 

9 

! 25 

0 5 

Methionine 

13 

0 

9 

9 

0 5 

Threonine 

49 

1 

6 

19 

1 1 

Tryptophan 

13 

0 

3 

2 

0 0 

Phenylalanine 

43 

1 

4 

! 12 

0 2 

Tyrosine 

26 

2 

3 

1 17 

0 8 

Total N, mioro-Kjeldahl 

15 7 

3 

0 

11 4 

0 9 

“ “ Dumas 

15 9 

0 

9 

1 11 3 

' 0 9 


Table II 


Nuclear and Cytoplasmic Distribution of Ammo Acids in Chicken Erythrocyte 



1 -y X per dry cr>throcyte 

Cytoplasmic 





N uclear 


WTiole cell 

Nucleus 

Cytoplasm 

ratio 

Histidine 

2 3 

0 10 

2 20 i 

22 0 

Arginine 

2 1 

0 60 j 

1 50 

2 5 

Lysine 

3 3 

0 50 1 

2 SO 

5 6 

Leucine 

1 ^ ^ 

0 40 

3 70 

9 3 

IsoJeucine 

1 4 

0 30 

3 10 

3 7 

Vahne 

3 2 

0 30 

2 90 

9 7 

Methionine 

0 6 

0 10 

0 50 

5 0 

Threonine 

2 2 

0 20 

2 00 

10 0 

Tr> ptophan 

0 6 

0 03 

0 57 

19 0 

Phenylalanine 

1 9 

0 10 

1 SO 

IS 0 

Tyrosine 

1 ^ ^ 

0 20 

1 00 

5 0 


Results 

The data obtained from the analyses of five samples of hole erythrocytes 
and isolated nuclei are presented m Table I The total mtrogen \alues 
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weie obtained by the micio-Kjeldahl and Dumas methods on moisture- 
free samples It is to be noted that the values aie practically the same 
with both procedures Total nitrogen was also detenmned on a moisture- 
free, hpide-free basis, and m the case of the eiythiocytes it was 15 8 per cent 
and in the nuclei 12 5 per cent The nuclear mateiial constituted 23 7 per 
cent of the dry weight of the er 3 rthiocytes (10 5 X 10“® 7 pei cell) By 
using the average dry weight per single cell of 44 3 X 10“° 7 , it was possible 
to calculate the amounts of the various ammo acids contained m the pro- 
teins of the cytoplasm which are removable by hemolysis with saponm and 
the amounts of those present m the nuclear mateiial The nuclear and 
cytoplasmic distribution of the amino acids determined m this work is 
presented in Table II 


niscussioN 

A companson of the ammo acids contained m the whole erythrocytes 
with those in isolated nuclei, as gu en in Table I, shows that cells aie higher 
n*' I nuclei in histidine, lysine, leucme, isoleucine, valme, methionine, 
threonine, tryptophan, phenylalanine, and tyrosine On the other hand 
nuclear material is somewhat highei in aiginme It is also of mterest that 
the cells contain appioxunately 6 times more histidine and tryptophan than 
does nuclear material 

The data piesented in Table II aie more significant than those m Table I 
m evaluating the chemical basis of the oiganization of this cell, particularly 
the cytoplasmic-nuclear ratio of the vaiious ammo acids However, the 
functional significance cannot be determined at this time Mirsky and Ris 
(17) in their woik on the composition of chromosomes have found a low 
tryptophan content in the histones of fowl erythrocytes The lesults pre 
sented here confirm this finding, as the tryptophan content of a smgle 
nucleus is 0 03 X 10“® 7 , which represents the smallest quantity of any 0 
the ammo acids determined Aiginme is the most abundant ammo acid m 
these nuclear preparations (0 60 X 10~® 7 ) Leucme is present m relatively 
large amounts (3 70 X 10“® 7 ) m the cytoplasm, whereas the concentration 
of methionine (0 50 X 10“® 7 ) is one of the lowest according to the data m 
Table II It should be mentioned that hemoglobin contiibutes a major 
portion of the ammo acids found m the cytoplasm of the chicken eiyt ro 
cyte Furthermoie, m evaluating the analytical data presented m Tab es 
and II it IS necessary to stress that the residual stromata retained by 
nuclei have contributed to the composition of the material analyzed 

SUMMARY 

The distnbution of several ammo acids m the nuclear and 
proteins of the chicken erythrocyte has been determined by use 0 nu 

biological assays 
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The total nitrogen content of chicken er 3 rthrocytes on a moisture-free, 
hpide-free basis was 15 8 pei cent nitrogen and of the isolated nuclei 12 5 
per cent The average dry weight of a smgle erythrocyte was 44 3 X 10~® y 
and of a nucleus 10 5 X 10~“ y 

BIBI-IOGRAPHY 

1 Plosz, P , Med chem Vntersuch Lab angw Chem Tubingen, 4, 461 (1871) 

2 Ackennann, D , Z physiol Chem , 43, 299 (1904-05) 

3 Warburg, 0 , Z physiol Chem , 70, 413 (1910-11) 

4 Laskonski, M , Proc Soc Exp Biol J/fid , 49, 354 (1942) 

5 Dounce, A L , and Lan, T H , Science, 97, 584 (1943) 

6 Uliraky, A E , and His, H , J Gen Physiol , 31, 1 (1947) 

7 Hovanilz, W , Genetics, 32, 500 (1947) 

8 Back, A , and Bloch Frankenthal, L , Proc Soc Exp Biol and Med , 66, 366 

(1947) 

9 Melampy, H M , Proc Soc Exp Biol and Med , 65, 213 (1947) 

10 Laskoweki, M , and Ryerson, D L , Arch Biochem , 3, 227 (1943-44) 

11 McMahan, J R , and Snell, E E,J Biol Chem , 162, 83 (1944) 

12 Dunn, M S , Shanknian, S , Canuen, M N , Frank!, W , and Rockland, L B , 

J Biol Chem , 166, 703 (1944) 

13 Stokes, J L , Gunness, M , Dwyer, I M , and Caswell, M C , / Biol Chem , 

160, 35 (1945) 

14 Hier, S W , Graham, C E , Freides, R , and IGein, D , J Biol Chem , 161, 705 

(1945) 

15 Schweigert, B S , Mclntire, J M , Elvehjem, C A , and Strong, PM,/ Biol 

Chem , 166, 183 (1944) 

16 Gunness, M , Dwyer, I M , and Stokes, J L , / Biol Chem , 163, 159 (1946) 

17 Mirsky, A E , and Ris, H , / Gen Physiol 31, 7 (1947) 




A SPECIFIC COLOR RKiCTIOM OF AIETHYLPENTOSES AND A 
SPECTROPHOTOMETRIC MICROMETHOD FOR 
THEIR DETERillNATION* 

Z\CH\RLV3 DI3CHE i.\d LWDRUil B SHETTLE3 

{From the Dt.partment of Biocheimstry and the Department of Obstetrics, College of 
Physicians and Surgeons, Columbia Unnersily, New York) 

(Recened for publication, -ipnl 13, 1948) 

Methjlpentoses ha’te been known for a long time as constituents of 
polysacchandes of plant and bacterial origm Only recently fucose nas 
found m the animal body as a constituent of blood group substances, com- 
bmed mth other sugars These pol} saccharides seem to be widely dis- 
tnbuted in animal tissues and probably are of biological importance No 
method has so far been a\ ailable for determmmg small amounts of methyl- 
pentoses m the presence of other sugars Dische (1) recently descnbed a 
group of color reactions of carbohydrates with SH compounds m H2SO4 
These color reactions are characteiistic for \anous classes of carbohydrates 
(deso\'3T3entoses, pentoses, methylpentoses, he\oses, hexuronic acids) and 
for mdividual he\oses and hexuronic acids This report deals with one of 
these reactions which was found usable for the detection and determmation 
of 2 to 10 7 of methjlpentose m the presence of a considerable excess of 
other sugars 

EXPERIMENT \L 

Sttnple Quahlaiive Test 

Procedure — ^To 1 cc of a solution contammg 50 7 or more of a methyl- 
pentose m a 16 X 150 mm test-tube are added wnth coolmg m ice 4 5 cc of 
a mixture of 1 volume of H2O and 6 volumes of H^SO^, c p The mixture 
is then warmed to 20-22'’ for a few mmutes, held for either 3 or 10 mmutes 
m an actively bodmg bath, and finaUj cooled m tap water To the cold 
solution 0 1 cc of 3 per cent aqueous cyst erne hydrochlonde is added with 
shakmg A greenish yellow color appears and remains practically un- 
changed for 24 hours 

Specificity of Reaction— As the color developed m the cysteme reaction 
depends upon the tune of heatmg, we ha\e distmguished two types of the 
reaction, designatmg them by CyR3 and CyRlO, respectn ely The green- 
yellow color IS characteristic for methj Ipentoses m only CyRlO Here 
pentoses, hexoses, and hexuromc acids gix e a pmk color In CyR3 hexoses 
show also a yellow color This, however, decreases rapidly m mtensity 
{m contrast to the reaction obtamed with methylpentoses) and, except m 

* This work was supported 63 a grant of the Donner Foundation, Inc , Cancer 
Research Division 
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tion give Aii'sgBo-jsoo of 220 to 230 AjE^396o-i3oi) is piactically zero in CyRlO 
for deso\3Tibose, hexoses, pentoses, and hexuromc acids (Table I) In 
CyR3 it IS zero for hexoses and for desoxjTibose and slightly negative for 
hexuionic acids, pentoses give m CyR3 a slightly positive value, which, 
however, corresponds to no moie than 1 pei cent of the value for an 



Fig 2 Absorption spectra of CyR3 of various sugars determined with a Beckman 
spectrophotometer Curve I, arabinose 5 mg per cent, Curve II, glucose “i mg par 
cent. Curve III, yeast adenylic acid 10 mg per cent. Curve IV, mannose 5 mg par 
cent, Curve V, fructose 5 mg per cent. Curve VI, desoxiTibonucletc acid 60 mg per 
cent. Curve VII, glucuronic acid 10 mg per cent. Curve VIII, fucose 1 mg percen , 
Curve IX, galactose 5 mg per cent 

equivalent amount of methylpentose As pentoses show a pmk CyR 
an absorption maxunum at 5400 A, any significantly positive 
due to pentoses will be accompanied by a distmctly pink color o 
reaction mixture Any positive value of AFsaso-isio which cannot e 
counted for by a corresponding amount of pentoses, mdicates, there or 
both types of CyR the piesence of methylpentoses m solution 
be seen from Tables I and II, AE 39 S 0-4300 of a methylpentose is not afiec 
at all by a 4-fold excess of a hexose or an 8-fold excess of a pentose 
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Quanlilaltvc Delernwiaiion of Methijlpenloses in Solutions 

Quantitative Measure for Melhijlpentoses — ^It can be seen 
fiom Tables I and II that ^zhz-azzz of a methylpentose is stuctly pro- 
portional to the concentration of the sugar As stated above, it is not 

Table I 

Extinclion Cocjjicienls at 4300 and SOSO A and Their Differences for CyRlO 

of Various Sugars 


Readings 1 hour, 30 minutes to 2 hours, 30 minutes after the addition of cysteine, 
Beckman spectrophotometer 


ETpcn 

CTcnt 

Xo 

Substance 

Concen- 

tiatiOD 

CyRlO 


Ejseo 

i 

ElJCO — 



mg per cent 




1 

1 Glucose 

5 

0 039 

0 039 

0 


Fructose 

5 

0 066 

0 053 

-0 013* 


Mannose 

5 

0 024 

0 024 

0 


Galactose 

5 

0 026 

0 033 

+0 007 


Arabinose 

5 

! 0 020 

0 019 

-0 001 


Desovyribose nucleic acid 

25 

0 025 

0 021 

-0 004 


Glucuronic acid 

10 

0 007 

0 010 

1 +0 003 


Galacturonio acid 

10 

0 010 

0 014 

+0 004 


Fucose 

1 

0 012 

0 192 

-f 0 ISO 

2 

Fucose 

1 

0 011 

0 195 

+0 184 


(( 

0 5 

0 005 

0 097 

+0 092 


» 

2 

0 021 

0 363 

+0 343 


Galactose 

2 5 

0 010 

0 012 

+0 003 



2 5 

0 016 

0 110 

+0 094 


■+• fucose 

0 5 





Arabinose 

5 

0 015 

0 015 

0 



5 

0 025 

0 115 

+0 090 


+ fucose 

0 5 



t 


+ “ 

0 s 

0 004 

0 099 

1 +0 095 


-f- serum albumin 


1 


1 


* Fructose reacts under conditions of CyRlO with sulfuric aoid alone, giving a pink 
color The absorption of this reaction measured against a blank without cysteine 
was subtracted from the absorption of the sample containing cysteine Other sugars 
do not react significantly with H,SO« alone The absorption spectrum of fructose 
in Fig 1 IS not corrected in this way 

influenced by a considerable excess of hexoses oi pentoses By comparing 
^zseo-4zao of an unknown solution with that of a standard solution of 
fucose or rhamnose, it should be possible to determme methylpentoses in 
solutions like hydrolysates of polysaccharides containing other sugars 
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Table II 

ExltncHon Coefficients at 4300 and 3960 A and Their Differences for CyRS of 

Various Sugars 

Readings 1 hour, 30 minutes to 2 hours, 30 minutes after the addition of cysteine, 
Beckman spectrophotometer 


Expert 

ment 

No 

.. 

Substance 

Concea 

txation 

Eiloo 

BiXi 

EtKO “■ 
Ec» 

1 

Fucose 

mi per cent 

1 

0 007 

0 222 

+0 215 


tt 

0 5 

0 003 

mm 



Galactose 

2 5 

0 074 




+ fucose 

2 5 

1 

0 077 




Glucose 

2 5 

0 117 




Glycogen 

5 

0 291 

Igy 

+0 002 

2 

Fucose 

1 

0 056 

0 299 

+0 243 


+ ribonucleic acid 

1 

10 

0 052 

0 296 

+0 244 


Hyaluronic acid 

25 

0 026 

H 

+0 005 


Chondroitinsulfuric acid 

30 

0 001 

B n 

+0 012 


Desoxyribonucleic acid 

20 

0 046 

B 83 

-0 001 

3 

Glucose 

25 

0 145 

B 13 

+0 001 


Ribonucleic acid 

22 5 

0 027 

B *9 

+0 012 

4 

Fucose 

1 

0 008 

0 231 

+0 223 


+ galactose 

1 

4 

0 145 

0 362 

+0 217 


+ acetylglucosamine 

Rhamnose 

5 

1 

0 007 

0 212 

+0 20o 

6 

Glucose 

5 

0 254 


+0 oil 


Yeast adenylic acid 

10 

0 019 


+0 009 


Mannose 

5 

0 127 


-0 001 


Fructose 

5 

0 205 


-0 004 


Desoxyribose nucleic acid 

50 

0 040 


-0 OOo 


Muscle adenylic acid 

5 

0 010 


-|-0 OOj 


Glucuronic acid 

10 

0 016 


+0 001 


Galacturonic acid 

20 

0 044 


+0 OUb 

+0 225 

6 

Fucose 

1 

0 008 

^^9 


(1 

1 

0 028 

0 260 

+0 232 


+ arabinose 

Fucose 

8 

0 5 

0 003 

119 

+0 III 

+0 0o6 


(( 

0 25 

0 002 



< ( 

0 5 

0 032 

0 140 

+0 lOS 


+ serum albumin 

100 

- 
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T^ble 11— Concluded 


Expfri 

ment 

.Yo 

Substance 



Eixo 

Ei9(A “ 
LiM 



ms ptr cent ^ 

i 



7 

Blood group substance A 

10 

0 098 

0 255 

-fO 157 


<< (t ft ft 

20 

0 211 

0 530 

-bO 317 


Fucose 

1 





-b galactose 

2 5 

0 085 

0 297 

+0 212 


-J- acetylglucosamine 

5 




8 

Hydrolysate of blood group sub- 

10 

0 095 

0 220 

-bO 125 


stance A 






Fucose 

1 

0 135 

0 341 

+0 206 


-f- galactose 

4 





Mixture of blood group substances 

10 

0 067 

0 232 

-bO 165 


It IS necessary to run a standard every tune with the unknown and make 
the readmgs at least 1 hour after addition of cysteme ^ 

Deienmnalion in Polysaccharides — ^To test the possibility of determmmg 
methylpentoses in non-hydrolyzed polysacchaiides AjE’sseo-isoo was deter- 
mined with CyR 3 m solutions of two preparations of blood gioup substances 
from hog stomach mucosa - Pieparation I was obtamed from the mucosa 
of seveial stomachs and represented a nuxtuie of blood group substances 
A and 0 Preparation II was prepared from one single stomach and 
purified so that it contamed only substance A The values obtamed for 
fucose were 6 7 per cent for Preparation I and 7 75 per cent for Preparation 
II A hydiolysate of Preparation II gave 5 9 per cent of fucose (Table 
II) As a certam amount of fucose is undoubtedly destroyed durmg hy- 
drolysis, it IS impossible to estimate the accuracy of the values obtamed 
with unhydrolyzed preparations However, smce these values are pro- 
portional to the amount of polysaccharide (see Table II), it is clear that 
the method can be used safely foi comparative deter nunations m various 
preparations of a ceitam type of polysaccharide 

Determination in Substrates of Biological Origin — When CyR is used for 
determmations of methylpentoses m materials of biological origm such as 
tissue extracts, it must be kept m mind that many oiganic substances give 
colored reaction products when heated iiith sulfuric acid In these cases 
therefore it is necessary also to prepare samples of the unknoivn solution 
of the standard and a watei blank to which no cysteme is added after heat- 
mg with H 2 SO 4 The absorption due to CyR is obtamed by subtracting 
the absorption of a sample without cysteme from that with cysteme The 

* We are greatly indebted to Dr Karl Mejer and Dr Elvin A Kabat for the prep- 
aration of blood group substances 








NITROSOTOCOPHEROLS, THEIR USE IN THE CHEMICAL 
ASS VY OF THE INDIVIDUAL TOCOPHEROLS IN A 
MIXTURE OF THE a, /3, y, AND 5 FORMS* 

Bv MARY LOUISE QUAIFE 

{From tin, Research Laboratories of Disltllalion Piodiicts, Inc , Rochester, New York) 
(Received for publication, April 29, 1948) 

Four naturally occuning membeis of the vitamin E gioup greatly differ- 
ent m biological activity are now known, and it is desirable to have analyt- 
ical methods by which to differentiate them In this paper is described a 
proceduie by which three of them can be specifically determmed It 
involves the foimation, chromatographic separation, and photometric 
measurement of the nitroso denvatives of yS-, y-, and 5-tocopherols a- 
tocopheiol can be estimated by difference between total tocopherols and 
the sum of y- and 5-tocopherols 

We have found that alcoholic solutions of /?-, y-, and 5-tocopherols, but 
not a-tocopherol, fona yellow nitroso denvatives on treatment with 
nitrous acid ‘ The rate of color development differs maikedly for the 
three “non-a-tocopherols” as shoivn in Fig 1 On treatment with alicali 
the nitrosotocopherols turn red Measurement of color at this stage is not 
suitable as a method, since the aqueous-alcohol solution would be turbid 
due to fat which accompanies vitamin E m biological matei lals However, 
on dilution with water and extraction into petroleum ether (Skellysolve 
H), the nitrosotocopherols give clear, stable yellow solutions suitable for 
assay purposes 

The spectia of the nitrosotocopherols are shoivn in Fig 2 They are 
very similar to those of some o-nitrosophenols given by Cionheim (2) 
Moreover the positions of absorption maxima and minima appear to obey 
his rules, e g , (Rule 1) the wave-length of minimum absorption increases 
with the number of substituents in the benzene iing, and (Rule 2) the 
wave-length of maximum absorption depends upon the position relative 
to the hydroxyl group of the nearest substituent (except the nitroso group) 
Thus, as an illustiation of Rule 1, the mtroso derivative of 5-tocopherol 
has an absorption mmimum at 340 m/i, while nitroso-j3- and nitroso-y- 
tocopherols, mth one more methyl group each, have absorption minima at 

* CoDununication No 132 from the Research Laboratories of Distillation Products, 
Inc 

* That nitrous acid gives a color with /3- and y-tocopherols, but not a tocopherol, 
dissolved in alcoholic solution was noted by Scudi and Bubs (1), who attributed the 
color to formation of tocopherylquinone 
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CHEMICAL ASSAY OF TOCOPHBROLS 


about 355 m;t To illustiate Rule 2 Cionheim gives the wave-lengths of 
the absorption ma\ima of nitiosophenols classified according to the position 
of the neaiest substituent, othei than nitioso, relative to the hydrox}'! 
gioup These are paia, 390 to 395 mfi, meta, 400 to 405 m/i, ortho, 410 to 
420 The nitiosotocopheiols coiiespond exactly to this classification 
Absorption maxima occui at 410, 415, and 405 m/j, respectively, foi rntro^o 
/3-, T-j and 5-tocopheioIs, and the foimer two are ortho-substituted while 
the lattei is meta 

Red foims of the nitrosophenols can be pioduced m peti oleum ether bj 



Fig 1 Nitrosation of tooopherols in ethanol solution, color change 
Each solution contained 1 5 mg of tocopherol dissolved in 5 ml of ethanol, 0 - m 
glacial acetic acid, and 3 ml of 2 per cent sodium mtrite (aqueous) 

shak i n g wuth a small amount of base such as trimethylbenzylamnioniu 

hydroxide The colois aie not stable jg 

Unhke othei o-mtrosophenols, the mtrosotocopheiols do not 
give metalhc complexes Petroleum ether solutions of the 
pherols, when shaken -with aqueous solutions of Cu++ or jjje 

to pH neai neutrahty, gave no coloi change or precipitate “ 
same conditions, /3-nitioso-a-naphthol gave volummous precipita 
The piocedure which has been developed for the assay of t e m 
or of combmed non-a-tocopherols is as follows 
Reagents — 

Glacial acetic acid 
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Sodium nitrite (2 gm pei 100 ml of distilled watei) Keep in the ice 
box Let ’mrm to room tempeiatuie before usmg Make fresh eveiy 
feiv days 

Potassium hydi oxide (20 gm pei 100 ml of distilled water) 

Anhj’-dious sodium sulfate 

Skelli'^solve H 

il/ei/iod— All operations should be peiformed undei subdued aitificial 
light 

Place exactly 5 ml of an absolute ethanol solution of the oil containing 
at least 0 25 mg and not moie than 1 mg of non-a-tocopheiols m a 50 ml 
glass-stoppeied giaduated cyhndei Add exactly 0 2 ml of glacial acetic 



Fig 2 Absorption spectra of the nitrosotocopherols in Skellysolve H These 
were determined with the Beckman spectrophotometer on regular assay solutions 
with a similar blank Concentration m each solution was approximately 1 5 mg of 
tocopherol per 12 ml of solution 

acid Swirl to mix Add exactly 3 ml of sodium mtnte leagent from a 
fast delivery pipette Swiil vigoiously foi 5 seconds to mix Let stand 
exactly 60 seconds Add 2 ml of potassium hydioude reagent and mix 
Add roughly 10 ml of distilled water, a pmch of anhydious sodium sulfate, 
and exactly 12 ml of Skellysolve H Stopper, shake vigorously for 30 
seconds, and let settle Tiansfer at least 10 ml of the upper layer to an 
Evelyn photometer tube and read with Filter 400 against a blank which 
has been prepaied m exactly the same fashion Oi deteimme the density 
at 410 mp m the Beclonan speetiophotometer, usmg a similar blank 
Calculalton — For Evelyn photometei leadmgs, C — Lm X AT, where C 
~ mg of non-a-tocopherols m the origmal 5 ml of alcohohc solution and 
Lm = 2 — log Gm For Beckman spectrophotometer readmgs use a 
calibration curve Construction of this is discussed below 
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CHEMICAL ASSAY OF TOCOPHEHOLS 
(dextro) /?-, y., and S 

metei density readings at 410 Nitroso -v tnl T spectrophoto- 
triplicate, and nitroso-^^ocopheiol T’J T f^''’! 
values and a straio-ht Imp tpfaf u ’ u show reproducible 

determmed over “'o^ and concentre,... 

more variable results especiallv at 1 appears to give 

this reason the EveL Tbnr^ f concentration For 

Beckman, may be the nrefeiahir^ ■'vhich is moie sensitive than the 
convenient to' use Valupo. r>hi ^“"^cnt It is also simpler and more 

three tocopherols with FiIip 4 nn°^ Evelyn photometer for the 

of 1 57 , 1 13 and no VP ' f values 

Combined 7 - and S-tocophe^ok ^'^“'^opherols, respectively 

determined with a maximum r? ^ ^ mixture (as m soy bean oil) can be 

with the use of a of ±7percent 




D.™TdaySZ7ac 1°“.°“. ““ 

+^2ml Of glacml acetic acid + 3 ml of 2 per cent sodium nitrite had a 

creased the pH to moi e thm ^ 3 “^ Tl Potassmm hydroxide m 

to stabilize the color after thl^ K ^ step was found necessaiy 

The time nf subsequent extraction into Skellysolve H 

1 minute time 1 ^ 6 ™!^''! compared mth a 

tion nf fhp n.f,. i A 10 minute period allows destruction or altera 

shows oneetn nf ° showm by the absorption spectrum Fig 3 

a 1 mirmfp t oi roso-5-tocopheioI prepared aauth a 10 minute and wth 
period rrntr oitrosation In some cases a 2 minute nitrosation 

The nal K ^ 0 VE ue, particulai ly m assaymg for 5-tocopherol alone 
ponpeniroi^ curve IS then more nearly a straight line m the higher 

9 mn range The and 7 -tocopheiol calibration curves prepared 

hnear ® mterval appear to change somewhat m slope but are stiH 


The precision of assay of solutions of the tocopherols is good Fc’’ 
seven single assays of 0 500 mg samples of tocopherol, each done 
on different days, gave K values (Evelyn photometer) of 1 56 ± 0017 
(standard deviation), 1 14 ± 0 019, and 1 10 ± 0 054 for / 3 -, 7-, and 5- 
tocopherols, respectively For a solution of unknown potency (com- 
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T\ble I 


Calibration Data for Nilrosotocophcrols with Beckman Spectrophotometer at ilO mu 


Kind of tocopherol 

Concentration mg of 
tocopherol per 12 ml I 
bkcll>5oKcH 

Density 

Individual values 

at 410 

j Mean value 

values 

/3- 

0 

500 

0 

174 








0 

169 

0 

172 

41 

3 


1 

00 

0 

351 








0 

349 

0 

350 

42 

0 


1 

50 

0 

532 








0 

529 

0 

531 

42 

5 


2 

00 

0 

719 








0 

698 

0 

709 

42 

5 


2 

50 

0 

885 








0 

892 

0 

889 

42 

6 







1 

(12 

2)* 

7- 

0 

500 

0 

248 








0 

219 








0 

228 

0 

232 

55 

7 


1 

00 

0 

482 








0 

468 








0 

471 

0 

474 

56 

9 


1 

50 

0 

732 








0 

721 








0 

730 

0 

723 

58 

2 


2 

00 

0 

990 








1 

00 








1 

00 

0 

997 

59 

8 


2 

50 

1 

21 








i 1 

21 








1 

21 

1 

21 

58 

1 




1 




(57 

7)* 

a- 

0 

500 

0 

255 








0 

272 








0 

271 








0 

257 








0 

266 

0 

264 

63 

3 


1 

00 

0 

500 








0 

538 








0 

535 








0 

484 








0 

4S9 

0 

509 

61 

0 


1 

50 

0 

690 








0 

792 








0 

752 








0 

698 








0 

729 

0 

732 

53 

6 
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Table 1 — Concluded 


Kind of tocopherol 

Concentration mg of 
tocopherol per 12 ml 

1 Skellysolve H 

Density i 

Individual values 

nt'llOin;! ^ 

Mean value 

•El ^ of nieaii 

1 cm 
\ alues 


2 


0 

865 







1 

1 

03 








0 

985 





1 



0 

845 





i 

1 2 


0 

874 

0 

920 

65 

2 

1 



1 1 

07 






i 


1 1 

24 





1 

i 


I 1 

18 

i 




1 



i 1 

04 








1 

08 

1 

12 

53 

7 






! 


(58 

4)* 


* Mean for group 


meicial distilled vitamin E concentiate) eight consecutive assays for total 
non-a-tocopheiols gave 13 5 ± 0 16 (standard deviation) pei cent of oil 
The coloi of the Skellysolve H solution of mtrosotocopherol is stable 
foi periods of several hours up to a day oi more m the absence of daybgbt 
All opeiations should be carried out under subdued artificial illumination 
The effect of oil on the “nitioso” assay was studied m a few experiments 
Olive oil, which contains negligible amounts of non-a-tocopherols, ivM 
added to vaiymg amounts of the puie tocopherols and the resultant coo 
compared with control solutions of the tocopherols alone Maximn^ 
deviation of ±10 per cent was noted when 20 mg of oil were adde c 
0 5 mg of tocopherol This coriesponds to a tocopherol concentration 
m oil of only 2 5 per cent The olive oil gave no color in the nitrosa lon 
assay At higher concentrations of tocopherol in oil, the effect notice 
much less 


Chromatographic Sepaiation of Nitrosotocopherols 
Into a glass-stoppeied cylmder pipette at least 12 ml of the Skellyso^^^ 
H extract of nitiosotocopheiols, piepared as directed For tbs 
combine duphcate assays, if necessaiy Add an equal volume o 
water and a pmch of anhydrous sodium sulfate Stoppei an s 
flask for 30 seconds m order to wash out the small amount o e 


which IS dissolved m the Skellysolve H layer ^O),^ 

Pack a chromatograph column 15 X 1 3 cm with ZnCOs-C^ i e 

I The zinc carbonate used is “purified, precipitated” zinc carbonate 
the J T Baker Chemical Company, Phillipsburg, Kew Jersey pivisioni 

maceous earth obtained from the Johns-Manville Sales Corporation, 

220 Delaware Avenue, Buffalo, New York The grade used la Ce te 
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Table II 


Cahbratton Data foi Yitrosolocophcrols with Evelyn Photometer and Filter 400 


Kind of tocopherol 

Conccnlralioa fC) 
ms of tocopherol per 
ji ml SkelTysoIve 


, c 

Mean K 

0- 

0 250 

0 155 

1 61 



0 500 

0 319 

1 57 



0 750 

0 475 

1 58 



1 00 

0 658 

1 52 



1 25 

0 796 

1 57 

1 57 


0 250 

0 227 

1 10 



0 500 

0 438 

1 14 



0 750 

0 648 

1 16 



1 00 

0 912 




1 25 

1 097 

1 14 

1 13 

0- 

0 250 

0 244 

1 03 



0 500 

0 472 

1 06 



0 750 

0 668 

1 12 



1 00 

0 854 




1 25 

1 112 


1 10 


* Each value is the mean of closely agreeing duplicate values 



Fig 3 Effect of time of nitrosation on mtroso o-tocopherol The top curv e is of 
3-tocopheroI allowed to react for 10 minutes with nitrous acid before neutralization 
and extraction The lower curve is of mtroso S tocopherol prepared with the usual 
1 minute time interval 
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With the use of a column havmg a sintered glass disk set m the bottom to 
retain the adsorbent The adsoibent should be added under suction in 
small portions and each one tamped down firmly 

Wet the column (undei suction) ivith Skellysolve H Without allowing 
an to enter the column, pipette 10 0 ml of the water- washed Skellysolve 
H solution of the nitiosotocopheiols onto the column 

Let this run thiough almost completely and wash the last traces through 
with several successive small (less than 1 ml ) quantities of Skellysolve H 
Rmse down the walls of the column ivith a 5 to 10 ml portion of Skelly- 
solve H 

Without letting the column lun dry, develop the chromatogram with 
pure benzene Continue washing with benzene until the nitroso-y- and 
nitroso-i3-tocopheiol rings (lowest and middle, respectively) have been 
washed tlirough into separate receiveis Elute the nitroso-5-tocopherol 
ring (or rings) with 1 1 ethei -ethanol Collect in one container (Alter- 
natively, the column can be sucked faiily dry and the rings separately 
extiuded with a spatula, put immediately mto a flask contaming ethanol- 
ether, and these filteied through filter paper contanung a layer of Cehte 
to remove the adsoi bent ) 

Evaporate all three eluates just to dryness imder a stream of nitrogen, 
taking care not to oveiheat the residue Take up each residue m 10 0 ml 
of Skellysolve H Let cool to room temperature and transfer to Evelyn 
photometer tubes Read with Filter 400 against a pure solvent (Skelly* 
solve H) blanlc set at 100 Evaluate the results as before, using the r^ 
spective K values for nitioso-|3-, 7-, and 6-tocopherols If desired, Bee - 
man spectrophotometer density readings at 410 mji can be used mstea 


EXPERIMENTAL 


The Skellysolve H solution of the nitiosotocopheiols as prepared m 
assay method is leady for chromatographic adsorption after ^ ® 
distilled watei wash This removes traces of alcohol which are contam ^ 
m the Skellysolve H layer and ivhich would prevent complete adsorp m 
otherwuse . 

For developing the chiomatogiam, benzene was found most sui a 
several solvents tiied The nitiosotocopheiols then appear as 
bands on the column, bemg m oidei from top to bottom the den 
of 3-tocopheiol (tw'o imgs), |3-tocopherol, and 7 -tocopheiol Their 
differ sufficiently to aid in then identification Nitroso-y-tocop 
rosy red, nitroso-^S-tocopherol is biowmsh led, while nitroso- 5 -tocop 

is orange-red . ^ A 

Benzene is also used to elute the two lower bands on the co ^ 
mixture of ethanol-ether elutes the combmed mtroso-5-tocop ero 
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Commercial CP benzene is suitable for use piovided it contains no 
non-volatile impuiities which absoib light at 410 Smce many samples 
do, puiification may be necessaiy This can be done by ledistilhng, 
taking a middle poition, and adding watei to appioximately one-half satu- 
ration 

Glass wool m the adsoiption column showed a tendency to hold up the 
nitrosotocopheiols duiing elution Hence a column with an mset sintered 
glass plate w'as constructed and has pioved convenient A column- 
receiver assembly with intei changeable standard taper joints has been 
found useful, especially since contact of the oiganic solvents mth lubber 
stoppeis must be avoided owmg to possible contammation 

Results 

Sjmthetic mevtures of /3-, 7 -, and 6 -tocopherols m the piesence of a- 
tocopherol have been assayed and sepaiated chromatographically Data 
are shown in Table III Each mixture contained 0 500 mg each of the 
four natural tocopherols The separated niti osotocopherols were eval- 
uated by Beclonan spectrophotometer and by Evelyn photometei leadmgs 
Quantitative recoveiy of these fractions is sho^vn The higher recoveries 
of.mtroso-/ 3 -tocopheiol aie not explained at piesent They are not due 
to alteration of mtioso-|3-tocopheiol on the column, since on chiomatogra- 
phy of it alone recoveries of 94 5, 96 5, and 100 0 per cent were obtained 
Synthetic mixtures of 7 - and 5-tocopherols have been mtrosated and 
sepaiated For these a shorter column of adsorbent (7 cm ) suffices, since 
the middle band (nitioso-/3-tocopherol) of the thiee component mixture 
is not present and less development of the chromatogiam is required 
Four solutions contaming 0 500 mg each of pui e natural 7 - and 5-toco- 
pherols were lesolved Data are given m Table IV Recover les of the 
eight fractions ranged fiom 95 to 108 per cent with a mean of 100 pei cent 
Recoveries of the total tocopherols in the mixtures vaiied from 101 to 108 
per cent with a mean of 103 per cent 

A series of 7 - and 5 -tocopherol mixtuies of natural origin was assayed, 
which consisted of eleven fractions of an analytical molecular distillation 
of soy bean oil Recoveries of the eluate fractions, as compaied to the 
original unchiomatographed material, were foi the entire series wnthm 
the range 97 7 to 105 5 per cent Mean lecoveiy w-as 101 0 ± 2 4 per cent 
(standard deviation) The successive fractions show-ed a smooth progres- 
sion m relative concentrations of 6 - and 7 -tocopherols such as would be 
expected from then relative molecular iveights Ehmmation maxima of 
the two tocopherols w'ere found to differ by about 4° 

Vegetable oils can be assayed by the method following preliminary 
concentration, preferably by laboratory molecular distillation (3) If 
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Table III 

Chromatographic Separation of Synthetic Mixtures of fi-, 7 -, and S-Toeopherok 

after Ntlrosalion 


Experi- 

ment 

No* 

Band position 

1 

Nitroso derivative ol 

j Controls 

Eluates 

Recovery, 
i^eluata ^ jqq 
•/^control 

chromatogram 

Beckman density at 410 m/i 




WMM 

■■■ 

ptr cent 

1 

Top 

a-Tocopherol 





Middle 

/3-Tooopherol 





Bottom 

7 -Tocopherol 

0 230 

0 233 

101 

Total 

0 658 ^ 

0 690 1 

105 

1 



Evelyn, Lut values 

Xelu&te V |fVl 
Xrontrol 

2 

Top 

5-Tocopherol 

0 469 

0 469 



Middle 

^-Tocopherol 

0 319 

0 357 

112 


Bottom 1 

7 -Tocopherol 

0 438 

0 441 

101 

Total 1 

1 226 

1 267 

1 104 


* In both experiments a mixture of 0 500 mg each of a-, and 5 tooophero 
was mtrosated and chromatographed according to procedures given Control so 
tions were mtrosated separately and not chromatographed 


Table IV 

Chromatographic Separation of Replicate Synthetic Mixtures of 7 - o.nd 8-Tocop 

after Nitrosation _ — 



Results by "nitroso'* assay 

Mixture No * 

Tocopherols m original 
mixture 

Recovery of separate tocopherols 
ID eluates, per cent of controls 

.0»,tr3‘ 

of orginal muture 


ms 


104 

1 

0 993 

( 7 -) 104 

2 

1 01 

(5-) 97 
( 7 -) 108 

108 

3 

0 993 

( 6 -) 101 
( 7 -) 98 

100 

4 

1 01 

(5-) 95 
( 7 -) 97 
(a-) 101 

101 

Mean re- 
covery, % 


100 

103 

. -I- ond vra3 01 


- - — - — ■ ~ Qcl 

* Each nuxture contained 0 500 mg each of 7 - and 5 tocophero ® ^ero 

trosated and chromatographed according to the procedure , coDcentri 

unchromatographed mtrosated solutions of 7 - or S-tocopherol 0 q 


tion 
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the distillate contains an excess of fatty acids, they can be washed out of 
ether solution by dilute alliali Yellow coloi m the distillate due to 
carotenoids is conveniently lemoved by hydrogenation (4) 

The technique described in this papei is useful as a qualitative test for 
tocopherols in oils For example, wheat genu oil was found to give a 
yellow color on nitrosation (of a hydrogenated molecular distillate) The 
Beckman spectrum mdicated it to be a mtiosotocopherol On chiomatog- 


Tablb V 


Content of Individual Tocopherols of Vegetable Oils and Commercial Vitamin E 

Concentrates 


Sample 


Emd of oil 

Source 

Total 

P 

7 

5 

a 

Corn salad oil 

Mazola oil, purchased 

1 02 


0 894 




locally 






Cottonseed salad oil 

Wesson oil, purchased 

0 870 






locally 






Soy bean salad oil 

Purchased from Blan- 

0 740 






ton Company, St 
Louis 






Wheat germ oil* 

1 Merit wheat germ oil 

1 2 68 

1 07 



1 61 

Distilled concentrate 

Distillation Products, 

j366 

96 4 

9 2 

26 4 

234t 

of d-a-tocopheryl 

Type VI, pilot plant 






acetatet 

sample 

i 





Distilled concentrate 

Distillation Products, 

339 

61 4 


15 0 

244 

of d- a-tocopherol 

1 Type V, pilot plant 
sample 

1 






Tocopherol content, ms per gm 


* The sample was bioassayed by Miss M Ludwig of our laboratories and found 
to have a potency equivalent to 2 09 mg per gm of d-cr-tocopherol Assuming that 
the 1 07 mg of |3-tooopherol is equivalent in potency to 0 36 mg of a-tocopherol (5), 
the total d'Ot-tocopherol equivalence estimated from the chemical analysis is (0 36 + 
1 61) 1 97 mg per gm 

t Assayed after preliminary saponification 
t This corresponds to 257 mg of d-a-tocopheryl acetate 


raphy, a single led band showed the presence of only one non-a-tocopherol 
Identity of this with j3-tocopherol was shown by augmentation of the one 
band when /3-tocopheiol was added to a wheat germ oil assay mLxture, 
which was then mtiosated and chromatographed A similar experiment 
with corn oil showed only the presence of y-tocopherol Cottonseed oil 
gave anomalous behavior The mtiosotocopherol spht into two rmgs on 
the column which recombmed on contmued development with benzene to 
give a homogeneous band Added 5-nitrosotocopherol did not augment 












616 


CHEMICAL ASSAY OF TOCOPHEHOLS 


either part of the split band, showing absence of it in the cottonseed oil 
in amounts detectable by the method 

Quantitative data on tocopherols m a few vegetable oils are given id 
Table V The method is now in general use m the laboratories of DistiUa 
tion Products foi the assay of commercial concentrates which are mnxtureo 
of a-, fi-, y-, and 5-tocopherols A few results aie also shown m Table V 
Smce tocopheiol esters do not give nitroso derivatives m the assay proce- 



Fig 4 Time curves for pure natural a-, P-, y-, and S-tocopberoIs in the Emmerie 
and Engel reaction according to the technique of Quaife and Harris Each cuoe 
represents the means of quadruplicate values which agreed very closely Each Eve 
lyn photometer tube contained S 0 ml of ethanol solution of 48 0 7 of tocopherol p a* 
1 0 ml each of «,Q;'-dipyridyl and ferric chloride reagents The ordinate values weie 
calculated with the use of a factor determined, on repeated calibration, for ^ 
second reading w ith pure natural d a tocopherol The abscissa values refer to 8 
time after addition of the last drop of ferric chloride reagent The tocopicrc 
were samples of the pure natural d forms 


dure, it IS necessary first to saponify samples containing them (e g , 
tion Products concentrate, Type VI, for which values are given in Table ^ 
In all cases a-tocopherol was determmed by difference between 0 
tocopherols and non-a-tocopherols The former were measured y 
Emmerie and Engel reaction (6), modified to take account of the w ^ 
different behavior of 5-tocopherol from that of the a, )3, and y forms 
such modification is given by Stern el al (7) Another uses the 
and Harris technique (8) except that a 50 second reading is used ^ ^ l^y 
a 15 second one Calculation, as before, is made with a K 
calibration with pure natural ex-tocopherol, with a 15 secon r ^ 
Time curves of the four natural tocopherols for the reaction are g 
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Fig 4 They show equal color development per unit weight (within 
limits of ±3 per cent) at 50 seconds 

SUMMARY 

The nitrosotocopherols of /3-, y-, and 5-tocophei ols, formed by treatment 
of the tocopherols with nitious acid, can be separated by a simple chiomat- 
ographic step and evaluated photometrically 

This IS the basis of a method for the specific determination of /?-, y-, and 
5-tocopheiols in admixtuie and in the presence of a tocopherol The lat- 
ter IS determined by difference from the Emmerie and Engel value for 
total tocopherols, modified to take account of the varymg behavior of the 
tocopherols The methods are given in detail 
Separation of synthetic mixtures of the tocopherols and assay of vege- 
table oils and commercial vitamin E concentrates are described 
Use of the method as a qualitative test for tocopherols m natural ma- 
tenals is suggested and illustrated 
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THE ASSAY OF ANIMAL TISSUES FOE RESPIEATOEY 

ENZYMES 

VII OXALVCETIC 4CID OXIDATION AND THE COUPLED PHOS- 
PHORYLA-TIONS IN ISOTONIC HOMOGENATES* 

VAN R POTTER, G A LePAGE, and H L KLUG 

[From the McArdlc Memorial Laboratory, Medical School, University of Wisconsin, 

Madison) 

(Received for publication, April 8, 1948} 

Pre\aous reports from this laboiatoiy have shoAvn that oxidative phos- 
phorylation could be demonstrated m a variety of tissues with the use of 
water homogenates m reaction mixtures that mclude fluoride (1-3) At- 
tempts to elimmate the fluoride were partially successful (3) but were 
handicapped by the use of water homogenates, as will be shown below 

Water homogenates had been successfully employed m previous studies 
on cytochrome oxidase and the succmic oxidase system (4), on the malic 
system (5), and on the glycolytic system (6, 7) and mdeed appeared to be 
better than isotonic homogenates m most respects 

However, Lehnmger (8) showed that isotonic homogenates are superior 
to water homogenates m the case of octanoate oxidation, and our experi- 
ments on this system (9, 10) as well as those of Cohen and associates (11, 
12) on other systems further emphasized the importance of the isotomc 
homogenate for oxidative systems mvolvmg adenosme triphosphate (ATP) 
Although we had suggested that the isotonic homogenates contamed a 
large proportion of “whole” cells on the basis of “c 3 dolysis quotients,” 
it is now clear that the data which led to this conclusion can be explamed 
m terms of the structural mtegrity of the mitochondria contamed m the 
cells, rather than m terms of the mtegrity of the cells (13) Isotonic 
homogenates therefore may contam much higher proportions of disrupted 
cells than we had concluded earlier (9, 10) What is peihaps more impor- 
tant IS the fact that the isotonic homogenates appear to contam c3doplasmic 
particles that are functionally greatly different from the particles found m 
water homogenates Moreovei, the enzymes m these particles appear 
relatively more accessible to many metabohtes than they are m tissue 
slices (c/ Cohen and Hayano (11)) 

In view of the importance of isotomc media m systems that are cor- 
related mth ATP synthesis (8-13) it became necessaiy to reexamme the 

*This ^\ork was aided by a grant from tha \marican Cancer Society on the rec 
ommendation of the Committee on Growth of the National Research Council and 
by a grant from the Jonathan Bowman Fund for Cancer Research 
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respikatoet enzymes vn 

system, prevously used for the study of OMdat.ve Ptosphoryto M 
sfL these studies had been made with ivater homogenates The p.«t 

X^S.t"stdt?srate 

'“?hfm:““t™ osa, acetic acid remains ;■ 

spite of scores of publications that have compoueuta 

Presumably we are here dealing with fails under 

of the Kiebs cycle of oxidations (see ( )), /^nd malic acids 

conditions (4. 5) that permit the than the one stage 

Since the oxygen uptake obsened is “veial fo g 
oxidation Mould require, it appears that in tins syste^^ 
carried approximately to completion, tha is, 

Krebs cycle as will be shown later Since i , ggg^s lAely that 

be duplicated by using pyruvate instead ^ ^ condensation, 

the oxidation of oxalacetate must be preceded by the ^ condensation of 
but It IS as yet unknoivn whether this reaction “ conventional 

oxalacetic acid with a Ca or a Cs compound “oxalacetie 

nomenclature, ne shall refer to the to be mvolved 

oxidase system” since more than one enzyme seems 1 y p, 

enzyme system is quite likely to be the same one that Ore 

{erred to as “cyclophoiase” (15) Rnmoeenate will be reported, 

In this paper, the effect of variations m the «enate 

including variations m the preparation an S vanations 

as well as variations m the type of tissue use ^ ^ pj,glmu 

m the reaction mixture wll be reported m a sepa ^cd under 

nary report on the failure of tumoi tissue to o^dize 
The conditions herem desciibed has been piesented by Pottei 

experimental I 

rl n ft convention 

OiuJafton a»*«.- 0 xysen uptake was measure J equ.I*r«“” 
Warburg apparatus at 38" after allorvmg V all cares 

?he toal volume of the react, on mrvtu.es rms 3 0 m^^ per «»* 

nrolanty of the added reagents rs S™" „u mixture, rt •" 

When the stated molar, ty refers to the final re ^ 

‘*'?te5tylo,.o» SW.es-When phosphate ."Tpe^f.^ 

“coldrcMoroacetic acid, as m to p„. 

1 Potter, V B . Pardee, A B , and Lyle, G G , 
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piotem was removed by centrifuging and 0 1 ml aliquots of the superna- 
tant fluid weie used foi the deteimination of ‘true” inorganic 'phosphate 
by the method of Lowiy and Lopez’ (3), and for total acid-soluble phosphate 
(17) The lemaindei of the supernatant fluid was fiactionated m the 
cold as follows A 3 5 ml aliquot was carefully neutralized with about 1 5 
ml of 1 0 N KOH to pH 8 2 w ith dilute phenol phthalein in the solution In- 
organic phosphate and ATP were piecipitated by adding 0 15 ml of 1 m 
B a(OAc )2 After centiifugmg, the supernatant was poured into a tube 
containing 0 37 ml of 1 N H 2 SO 4 , the BaS 04 was centiifugcd, and the 
supernatant w^as analyzed for phosphocreaiine hy the Fiske-Subbaiow' 
method (1) The precipitate containing the inorganic phosphate and ATP 
W’as taken up in 2 0 ml of water and 1 0 ml of 0 1 n H 2 b 04 to remove Ba 
The supernatant was saved and the piecipitate was treated a second time 
With 0 5 ml of acidified water The w'ashmg w'as combined with the 
supernatant and treated with 0 1 ml of concentrated BHjOH and 0 10 
ml of magnesia mi\tuie (17) to precipitate inorganic phosphate The 
precipitate w'as sepaiated by centiifugmg and the supernatant (ATP 
fraction) was poured into a tube containing 0 30 ml of glacial acetic acid 
to give a pH of 4 5 to 4 8, any of the precipitated inorganic phosphate that 
may have been included being dissolved in the supernatant Aliquots of 
0 3 ml of the ATP fraction were then analyzed foi inorganic phosphate and 
7 mmute-hydrolyzable phosphate (17) in order to obtain the A7 phos- 
phorus, which was taken as a measure of ATP Ihc removal of the bulk 
of the inorganic phosphate by the magnesia mixture increases the accuiacy 
of the A7 measurement In addition, 0 3 ml aliquots of the ATP fiaction 
were analyzed for nbose (17), the amounts of which paialleled the amounts 
of A7 phosphorus 

The corrected inorganic phosphate uptake was calculated by subtracting 
the changes in the sura of the A7 P, phosphocreatine P, and true inorganic 
phosphate from the true inorganic phosphate Ibis amounts to suLtr act- 
ing the observed changes in the sum of the phosphocreatine and A7 P 
fiom the observed changes m the true morganic phosphate (see “Discus- 
sion”) 

The phosphorylation experiments usually consisted of sixteen flasks 
which contained gioups of foui reaction mixtures that were stopped after 
different penods of time The sixteen filtrates were then analyzed simul- 
taneously, all the centrifugmg and fiactionation bemg carried out m the 
cold 

’ In the original To\\r\ Lope? method, interference hy some tiasue cNlracts was 
noted We have found thu glutathione retards the rate of color dovclopnieiu mark- 
edly Thus 60 7 of GSH reduced the color bv about 60 per cent at 5 minutes but the 
Value attained in JO minutes iv as equal to that in the control tube With the amounts 
of tissue used in the present oxperiiuenls, no mterfereuce bj CibU occurs 
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Homogenates — ^Two types of homogenates were used m the experiments 
described in this paper Each type was piepaied mth 9 volumes of fluid 
per flesh weight of tissue The “water homogenates” were prepared with 
distilled water and the “isotonic homogenates” were prepared with iso- 
tonic KCl (115 per cent) to which had "been added 8 ml of 0 04 m KHCOj 
per liter, to give a pH of 7 5 to 7 8 The tissues v ere placed m the cal- 
culated amounts of medium before the homogenization, which was earned 
out m the cold, with close fiittmg glass homogenizeis of the Potter-Elve 
hjem type (18) 

Substrates — ^The substiates employed weie o\alacetic and pyruvic 
acids Mixtures of oxalacetic acid and pyruvic acid m general gave re 
suits almost identical mth oxalacetate alone, but supenor to pjruvate 
alone Smee the decarboxylation of oxalacetic acid results m the disap 


pearance of 1 acid equivalent, the neutiahzation of oxalacetic was not 
carried to completion Empiiical tests mdicated that an amount of alkah 
equal to the acid groups present after a 50 per cent conversion of oxalacetic 
to pyruvic acid was neai the optimum The oxalacetic acid was therefore 
neutiahzed by addmg 0 02 m KjCOj to solid oxalacetic acid to give a final 
oxalacetic acid concentration of 0 0267 ai The acidic solution was then 
aerated to drive off the excess CO2 Smee oxalacetic acid is not stable, 
solutions were prepaied only 10 to 15 mmutes before being pipetted 
Com-ponents of Complete” System — ^The reaction mixture that has been 


employed for the present senes of experiments differed from the previous 
mixture (3) mainly in the fact that potassium salts were used throughout 
and fluoride was omitted The followmg components were used m the 
complete system m the present study water to make 3 0 ml of final volume, 
0 4 ml of 0 5 mKC 1, 0 1 ml of 0 1 m MgCh, 0 1 ml of 0 1 u K phosphate 
(KH2PO4 -f KOH to pH 7 4), 0 1 ml of 4 X 10-* m cytochrome c, Oi 
ml of 0 01 M K ATP, 0 1 ml of K DPN* ^ 660 7 of DPN, 0 5 ml of ^ 
tome KCl if water homogenates were used 01 an amount to make 0 5 
if less than 0 5 ml of isotonic homogenate was used, 0 3 ml of 0 02 ^ 

oxalacetate (see above), and 0 1 to 0 5 ml of cold 10 per cent homogena e 
When creatme was added, as m the case of the phosphorylation stu les, 
30 mg of the hydrate were placed m the flask before the other a 
and the 0 5 m KCl was decreased from 0 4 to 0 2 ml Flasks 
arms were used, and were kept m ice until the homogenate had been a 
It IS possible to combme the KCl, MgCh, phosphate, and 
a stock solution if most of the water addition is mcluded 
DPN can also be combmed mto one solution These two imx ure 
be kept m the refrigerator for at least a week The effect of a ac 0 


’ DPN = diphosphopyndine nucleotide, coenzyme I 
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and C3dochrome c is not striking, but they were originally added on the 
basis of the known need for these substances m the malic system (5), and the 
total operation of the ICrebs cycle was considered likely m this system 
Furthermore while some tissues might not require additional cytochrome 
c and DPN, others (such as tumois) might be expected to be deficient m 
these accessory compounds In the woik described below, various pro- 
cedures that vere knovm to result m the loss of the effective concentration 
of cytochrome c m the cytoplasmic particles (13) were tested foi their 
effects on the oxalacetic system, and, smce the mclusion of DPN and cyto- 
chrome c m the reaction mixture has never given any evidence that they 
are detrimental, they were routinely included m these expenments The 
effect of their omission and of other variations m the reaction mixture will 
be given m the nexi; paper '■ 

Observations vnlh Various Tissues — Expenments with various tissues 
were performed mth 50 mg of tissue per flask, added m the form of a 
10 per cent isotomc KCl homogenate, after preliminary experiments had 
mdicated that this level of tissue was m the range of proportionality The 
results are shown in Fig 1 Each cuive represents the average of four to 
SIX samples of tissue, each of which was run m duplicate or triplicate 
The normal tissues were taken from white rats from the stock colony, no 
normal tissues from tumor-bearmg animals have been studied The 
hepatoma samples were primary tumors obtained through the courtesy of 
Di J A Miller and Di E C Miller, the Walker 256 and the Flexner- 
Joblmg carcmoma were transplantable tumors provided by Mr B E 
Klme All tumors were non-necrotic and in good condition 

The data m Fig 1 show that there is considerable variation among the 
tissues, not only m terms of the mitral late of oxidation but also m terms of 
the way m which the rate changes with time In all tissues there is a 
decbne m the rate of uptake which does not appear to be the result of 
substrate depletion, but is probably caused by a decrease m the amount of 
active enzyme-substrate complex This decline is slowest m liver but 
occurs m aU of the tissues studied In the case of the tumor samples, 
the rate of uptake was negligible, and was no greater than could be ob- 
tained in the absence of added oxalacetate (not shoivn m Fig 1) The 
no substrate rate of oxidation was very low m aU of the normal tissues 
except liver, m which the mitral late of oxidation was appreciable durmg the 
first 30 or 40 nunutes (40 to 50 micioliteis of O 2 per 50 mg of liver) but 
declmed rapidly thereafter It seems possible that this endogenous 
respiration m liver may be related to the fact that the enzyme activity m 
liver does not declme as rapidly as m the other tissues either durmg the 
reaction (Fig 1) or m the homogenate The declmmg rates m the normal 
tissues suggested that the observations m the case of the tumor samples 
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might be due to the lability of the enzjrme system, and numerous studies 
have been earned out to ascertain the factois mvolved m the breakdmm of 
the enzymes involved in the reaction 
Enzyme Breakdown in Homogenates and in Situ — The standard pro- 
cedure m the pieparation of homogenates has been to kill the animal by 
decapitation, and to remove the tissue quickly, placing it in cold isotonic 
KCl surrounded by ice The homogenate was then piepared m the cold 
and kept in ice until it was used, which was normally within about 10 min- 
utes Fig 2 shows the effect of storing the homogenates at 0° for various 
peiiods of time The expeiiment was earned out wuth hvc different tissues 



fresh tissue per flask “Complete” reaction nii\ture described in the te\t vU 
creatine omitted 


from three to six animals for each kind of tissue Each homogenate 
tested in duplicate or triplicate after 0, G, and 24 hours at 0° The re 
are the averages of all the determinations The tissues all showe ve 
little decline m activity during the first G houis, but kidney, 
skeletal muscle showed considerable decline after standing overnig 
0° The activity in heart and liver homogenates was maintaine or 
hours There was slight variation among the various ^o^mplos 
the ludney homogenates stored 24 hours, in which the per cent oss 
considerably The storage at 0° is comparable to a limited 
diffusible substances may escape from the nuclei and mitochon ri 
attain a 10-fold dilution, since a 10 per cent homogenate is employe ^ 
loss m activity may be comparable to that obtained by Gibson an 
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(19) m the case of pjTuvic oxidase m minced heart muscle upon dialysis 
They found that magnesium ions prevented the inactivation 
On the other hand, the mactivation occurs in the intact tissue zn situ 
m which magnesium is piobably adequate (Fig 3) For these experi- 
ments the animals were decapitated and placed m a warm room at 38° 
In the case of skeletal muscle, biam, and kidney one sample could be taken 
from the light side and a second sample taken from the left side after a 
period at 38° The second half of the bram was placed mside the ab- 
dommal cavity to avoid drymg Smgle samples of heart were taken, 



Fig 2 0\ygen uptake by isotonic KCl homogenates of various tissues following 
storage at 0° for 6 to 24 hours Conditions as in Fig 1 Experiments with tumors 
not done because of low values at zero time 

Fig 3 Oxygen uptake by isotonic KCl homogenates of various tissues taken from 
decapitated rats after various periods at 38° Conditions as in Fig 1 Experiments 
With tumors not done because of low values at zero time 

while several samples of liver could be obtamed In the case of pairs of 
samples, the first was not always taken at zero time Each pomt on the 
curves represents four to six determmations m duplicate The results 
show that duimg the first 30 minutes there is essentially no loss m enzyme 
activity, but that followmg this period the loss is quite variable among the 
different tissues The rapid loss m activity m the muscle and kidney is 
of considerable physiological interest, smce it correlates to some extent 
with the ability of these tissues to return to normal followmg ischemia 
( 20 . 21 ) 

The results of both studies indicate that if tissues are removed within 30 
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minutes and homogenized m the cold they may be used for the study of 
oxalacetate oxidation, or, if lemoved at once and homogenized, the homo- 
genate may be stored at 0° up to 6 hours * In these studies it was found 
that fiequently the activity of an aged preparation was normal initially 
but that the decline m late was moie pionounced than m the fresh prepara- 
tion Neithei experiment was done with tumois because the activity m 
fresh piepaiations was too low to measure 
Enzyme Breakdown in Water Homogenates and at SS ° — It was stated 
eailier that water homogenates of liver would not ovdize oxalacetic acid 
(2, 3) Fig 4 sliows the results of studies m which aliquots of various 
tissues were homogenized m watei and m isotonic KCl and aliquots of 
each homogenate weie incubated foi 15 mmutes at 38° As was shown 
m Fig 2, an aliquot of the homogenate could be held at 0° for more than 
15 mmutes ivithout loss in activity while anothei aliquot was being in 
cubated at 38° The lesults of these experiments could not be given in 
terms of the oxygen uptake per 20 mmutes, and were plotted as total 
oxygen uptake versus time The reason for tins is apparent m the case of 
the water homogenates of kidney (Fig 4) In these samples, the initial 
rate of oxidation was near normal, but after about 20 mmutes the rate slid 
denly fell to a very low level m compaiison to the rate m the KCl homo 
genate In the case of the liver, homogenization m watei gave almost 
complete mactivation of the enzyme system even m the case of the mitial 
rate, while m bram homogenization in water gave an effect that was mter 
mediate between what was found m kidney and in hvei 
The effect of incubatmg these homogenates at 38° is also shoivn m Fig 
4 In 15 minutes, the destruction of activity ivas essentially complete w 
both types of kidney homogenate and m the KCl homogenate of bram 
In liver, on the other hand, the activity was completely unaftected m e 
case of the KCl homogenate, mcubated at 38°, while the water homogena e 
was already mactive The greater stability of the hvei KCl homogena e 
at 38° parallels its stability at 0° and may be related to its higher en Oo^ 
nous respiration , 

None of tliese procedures aftects the ability of homogenates to o 
succmate oi malate (1, 5) but profoundly affects the ability to 
oxidative phosphoiylation (1) The followmg experiments mdica e^^ 
the ability of a homogenate to oxidize oxalacetic acid is a leflec 
ATP balance, and that the simple measurement of rate and 
oxidation (Figs 1 to 4), unlike the measuiements of succmate oi ^ 

‘ Parallel experiments on these tissues show ed that freezing the gan 

homogenates resulted in the loss of the ability to oxidize ® tobestud 

giderations are of some importance if largo numbers of tissue samp 

led 
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oxidation, pro\ndes a measure of the capacity of the homogenate to mam- 
tam the ATP leservoir by oxidative phosphorylation 
Phosphate Balance Studies — In the absence of fluoride, the breakdown 
of ATP IS much moie lapid than m its presence, but even m the absence 
of fluoride a tempoiaiy mamtenance of ATP in terms of a constant level of 
morganic phosphate was observed in lat kidney (3) Further expernnents 
were devised to show the complex natuie of the factors affectmg the level 
of true moiganic phosphate m the reaction mixtures described above 



Fiq 4 Oxygen uptake by isotonic KCl homogenates of ladney, brain, and liver 
compared with water homogenates, showing the effect of 15 minutes incubation at 
38° prior to addition to reaction mixture Test conditions as in Fig 1 The solid 
lines represent fresh homogenates, the broken lines represent incubated homogenates 
•, KCl homogenates, X, water homogenates 

The data obtamed mth isotonic homogenates m complete systems may 
first be considered 

Determmations of phosphocreatme (Fig 5, B) and tiue morganic phos- 
phate (Fig 6, A) showed a lack of parallelism between these two quantities, 
m contrast to what might have been expected if the ATP system (adenosme 
triphosphate, adenosme diphosphate (ADP), and adenosme monophos- 
phate (AMP)) was mamtamed in a steady state, accordmg to the followmg 
reactions 

(1) ATP + creatine ADP + phosphocreatme 

(2) ADP + morganic P + coupled oxidation — > ATP 

Smce the measurements showed moie phosphocreatme formation than 
moigamc phosphate disappearance, it vas concluded that the foUowmg 
over-aU. reaction was probably takmg place 
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(3) 


amp + 2 inorganic P 




2 60| 
(r 

^401 


C= CORRECTED 
INORGANIC 
PHOSPHATE \ 
UPTAKE 



in Fi^ f studies on homogenates of rat kidney Conditions as 

the broken hnp*? r present The solid lines represent KCl homogenates, 

renments The points represent matched e. 

the level of ATP experiments is due in part to animals and in part to 

renmlnts on laf?', ’ ^ °^>dat,on. includes a number of e. 

B creatine nhnqnh which phosphate studies were not earned out 

done with different levels" o7 ATP experiments with water homogenates « ere 
the mirpH lirir.„ n AiP and were compared with isotonic homogenates of 
described in thp tl t ' inorganic phosphate uptake, data calculated as 

phosphorus 3 minute point on the time axis ' Z?, ATP 47 


togethei with the true inorganic phosphate and the phosphooreatme, 
should reveal the change m the dynamic equilibrium of the phosphoryla- 
tion system Any increase m phosphocreatme not paralleled by a decrease 
m inorganic phosphate should be accompanied by an appropriate decrease 
m the A7 phosphorus of the ATP fraction The test of this proposition is 
the addition of the three fractions 
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(4) Pbosphocreatine P 4* A7 P + inorganic P = 2P 

According to the equations (1) to (3), 2P, which is defined by equation (4), 
should remain constant Wlien the actual measurements were carried 
out, it was found that 2P increased for a few mmutes, then tended to re- 
main constant, and then increased agam (Fig G, C) 



0 20 40 60 minutes 


Fig 6 Phosphate balance studies on homogenates of rat kidney, continuation of 
data in Fig 5 4, true inorganic phosphate, total acid soluble phosphate The 

figures 124, 185, and 248 refer to the theoretical micrograms of ATP phosphorus added 
per flask The point symbols correspond to the similar symbols of Fig 5 C, sum 
of the values for the inorganic phosphorus, pbosphocreatine, and ATP A7 phosphorus 
For discussion of Phases I, II, and III see the text 

Smce an mcrease in 2P is not explainable solely in terms of equations 
(1) to (3), other possibilities must be considered The obvious possibility 
that nucleoproteins and phospholipides m the homogenate were liberatmg 
inorganic phosphate can be eliminated on the basis of the data m Fig 6, 
B The different levels shown repiesent experiments m which different 
amounts of ATP xvere added, but it is clear that in each case the total acid- 
soluble phosphate did not change significantly durmg the experimental 
period Consequently the mcreases in 2P shown m Fig G, C must have 
come from changes withm the acid-soluble fraction 
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In addition to reaction (3) inoiganic phosphate can be foimed from the 
breakdown of AJV'IP® to adenosme by reaction (5) 

(5) AMP — > adenosine + inorganic phosphate 


following the occuirence of reaction (3) With this m mmd, the data m 
Figs 5 and 6 become much moie undeistandable, and the course of the re 
action can be divided mto three phases, which have been mdicated in Fig 
6, B but which can be seen m several of the other measuiements m Figs 5 
and 6 as well 

Dm mg Phase I, leactions (3) and (5) predommated ATP broke down to 
morgamc phosphate (reaction (3)) with little oi no tiansfer to creatine 
(reaction (1)), whde the sudden formation of AMP provided an additional 
souice of moiganic phosphate Durmg this period oxygen uptake was not 
bemg measured, but it appears to have been submaximal, smce the first 10 
m i nute peiiod of oxygen uptake measuiement usually gave a lower rate 
than the second 10 mmute peiiod Furtheimore, this period, which was 
onlj’ a few mmutes long, was one of transitional temperature and probable 


madequate oxygenation pi loi to the begmnmg of shakmg 
With the establishment of oxygenation and the temperature of 38°, the 
fall m A7 phosphorus ceased and Phase II began Oxygen uptake ac 
companied by the disappearance of morgamc phosphate occurred an 
the A7 phosphate level began to rise and level off at a steady state whic 
was accompanied by the formation of phosphocieatme The fact that the 
SP tended to remam constant during this peiiod, while the A7 could no 
regam the origmal levels, suggests that AMP once dephosphorylated is no 
longer available for rephosphorylation to ATP ® Studies ivith Ai 
substituted for ATP suggested that it does not lemam as such in this reac 


tion mixture In this case the A7 phosphorus was zero at zero 
rose to levels that were less than were attained with equimolar leve s 
ATP, while the SP mcieased simultaneously In these experiments, 
oxygen uptake, phosphocreatme formation, and corrected moiganic p^^^ 
phate uptake had about the same values as m parallel experiments 
ATP There appears to be a contmuous dram on the ATP system m 
form of reaction (5) which is rapidly accelerated ivhen reaction (2) is 
down and which is mmimized by the operation of reaction (2) w i e ° 
tion is active It is likely that the decay of the ATP system is 
by a deterioration of the enzyme system mvolved m oxidative p osp 

* Kornberg and Lmdberg (22) have found in kidney a new DPN^e and 

hibited by nicotinamide (c/ (3) p 34) Their enzyme splits AM? lo® 
the AMP would then be available for reactions (3) and (2) above 

5 The possibility that this may be due to the deamination of a enos 
inosine is currently being investigated 


tune and 
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tiiOQ, SO that the two piocesses, while not synonymous, aie closely lelated 

Phase III of the reaction was seen when the late of oxygen uptake began 
to fall and the A7 phosphate level began to decrease At this tune the A7 
phosphate level fell much moie rapidly than the phosphocreatme level, 
shelving that, just as m Phase I, leaction (1) is much slower than reaction 
(3) Thus m numerous experiments, the A7 phosphorus level could be 
near 2 eio while the phosphocieatme level was quite high It is clear of 
course that the operation of leaction (5) followmg reaction (3) can prevent 
the reversal of leaction (1) These data show that the direct dephos- 
phorylation of phosphocieatme (see (23)), if it occurred in these reaction 
mixtures, was slow enough to permit the occurrence of faiily high levels of 
phosphocreatme even when the A7 P was being rapidly dissipated With 
the loss of the A7 P and the marked decrease in oxidation rate, the SP 
increased towaid the level of the total acid-soluble phosphorus, and the 
true morgamc phosphate level increased The breakdown of DPN to 
fragments that included morgamc phosphate may have occur led to some 
extent in this peiiod,® evidence bearing on this may be seen m the experi- 
ments with water homogenates 

In the case of watei homogenates of kidney, it will be lecalled that 
oxalacetate oxidation over short periods (Fig 4, cf (2, 3)) was possible, 
but that the leaction soon failed, rvhereas in the isotonic homogenates it 
contmued foi a longer period The data m Figs 5 and 6 provided some 
insight mto the reasons for the oxidative faduie Although the mitial 
rate of oxygen uptake was about as good m the water homogenates as m the 
isotomc homogenates, the ATP was rapidly depleted and was never re- 
built Some phosphocreatme was fonned but it was evidently at the ex- 
pense of the A7 P, because the corrected inorganic phosphate uptake did 
not parallel it as m the case of the isotonic homogenates, m fact, the latter 
data provide the key to the difference between the two types of homoge- 
nate Evidently the water treatment does not destroy the oxidative 

"chamsms as such but prevents then effective utilization foi the mam- 
ace of the ATP system, while the failure to mamtam the ATP sys- 
con elated with the decay of the oxidative system 
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In addition to leaction (3) inorganic phosphate can be formed from the 
breakdoivn of AMP' to adenosme by reaction (5) 

(5) AMP —* adenosine + inorganic phosphate 

following the occuirence of reaction (3) With this m mmd, the data m 
Figs 5 and 6 become much moie undeistandable, and the course of the re 
action can be divided mto three phases, which have been mdicated m Pig 
6, B but which can be seen m seveial of the othei measuiements m Figs 5 
and 6 as well 

Durmg Phase I, reactions (3) and (5) predommated ATP broke down to 
morganic phosphate (reaction (3)) with little oi no transfer to creatine 
(reaction (1)), while the sudden formation of AMP provided an additional 
souice of morganic phosphate Durmg this period oxygen uptake was not 
bemg measured, but it appears to have been submaximal, smce the first 10 
mmute period of oxygen uptake measurement usually gave a lower rate 
than the second 10 mmute period Furtheimore, this period, which was 
onl}' a few mmutes long, was one of transitional temperature and probable 
madequate oxygenation prior to the beginnmg of shakmg 

With the establishment of oxygenation and the temperature of 38 , the 
fall m A7 phosphorus ceased and Phase II began Oxygen uptake ao 
companied by the disappearance of morganic phosphate occurred an 
the A7 phosphate level began to rise and level off at a steady state whio 
was accompanied by the formation of phosphocreatme The fact that e 
SP tended to lemam constant during this period, while the A7 could no 
regam the origmal levels, suggests that AMP once dephosphorylated is no 
linger available for lephosphorylation to ATP ® Studies with A 

h^tituted for ATP suggested that it does not remam as such m this reac 
tion mixture In this case the A7 phosphorus was zero at zeio time an 
rose to levels that were less than were attamed with equimolar leve o 
ATP, while the SP mcreased simultaneously In these experiments, ® 
oxygen uptake, phosphocreatme foimation, and corrected moiganic p 
phate uptake had about the same values as m parallel expeiiments w 
ATP There appears to be a contmuous dram on the ATP system 
form of reaction (5) which is lapidly accelerated when reaction (2) is 
dowm and which is mmimized by the operation of reaction (2) w i e ° 
tion IS active It is likely that the decay of the ATP system is para 
by a deterioration of the enzyme system mvolved m oxidative phosp or 

* Kornberg and Lindberg (22) have found in kidney a new DPNase 
hibited by uieotinamide (c/ (3) p 34) Their enzyme splits AMP from ’ 
the AMP would then be available for reactions (3) and (2) above 

« The possibility that this may be due to the deamination of a enosi 
inosme is currently being investigated 
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tion, so that the two piocesses, while not synonymous, aie closely i elated 

Phase III of the reaction was seen when the rate of oxygen uptake began 
to fall and the A7 phosphate level began to decrease At this time the A7 
phosphate level fell much moie rapidly than the phosphocieatme level, 
showing that, just as m Phase I, leaction (1) is much slowei than reaction 
(3) Thus in numeious expeiiments, the A7 phosphorus level could be 
neai zero while the phosphocieatme level was quite high It is cleai of 
course that the operation of leaction (5) followung reaction (3) can prevent 
the reversal of reaction (1) These data show that the diiect dephos- 
phorylation of phosphocieatme (see (23)), if it occuired m these leaction 
mixtures, was slow enough to peimit the occurience of fairly high levels of 
phosphocreatine even vhen the A7 P was being rapidly dissipated With 
the loss of the A7 P and the marked decrease m oxidation rate, the SP 
increased towaid the level of the total acid-soluble phosphorus, and the 
true morgamc phosphate level increased The breakdown of DPN to 
fragments that mcluded morgamc phosphate may have occur led to some 
extent m this period evidence beaiing on this may be seen m the experi- 
ments with water homogenates 

In the case of water homogenates of kidney, it will be recalled that 
oxalacetate oxidation ovei short periods (Fig 4, cf (2, 3)) was possible, 
but that the reaction soon failed, whereas m the isotonic homogenates it 
contmued for a longer period The data m Figs 5 and 6 provided some 
insight mto the reasons for the oxidative failure Although the mitial 
rate of oxygen uptake was about as good m the water homogenates as m the 
isotomc homogenates, the ATP was rapidly depleted and was never re- 
built Some phosphocieatme was formed but it was evidently at the ex- 
pense of the A7 P, because the corrected morgamc phosphate uptake did 
not parallel it as m the case of the isotonic homogenates, m fact, the latter 
data provide the key to the difference between the two types of homoge- 
nate Evidently the watei treatment does not destroy the oxidative 
mechanisms as such but prevents then effective utilization foi the mam- 
tenance of the ATP system, while the failure to mamtam the ATP sys- 
tem IS correlated with the decay of the oxidative system 

DISCUSSION 

While further discussion of the experimental details is probably not 
warranted, it is important to note that the use of the isotonic homogenate 
IS highly important m the development of enzyme systems that are capable 
of utilizmg oxidative eneigy for endergomc syntheses It would be naive 
to assume, however, that isotomc KCl represents the ideal homogemzation 
medium, and the importance of further work such as the study of h5q3er- 
tonic sucrose media (13, 24) should be stressed 
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The observation (Fig 1) that isotonic tumor homogenates are unable to 
oxidize oxalacetate under the conditions described above does not prove 
that the original tumois are devoid of one or more of the enzymes required 
foi this oxidation, although it seems likely that the tumors must contam 
very low amounts of the enzyme system The data could also be obtained 
if the phosphorylating mechanisms that mamtam the oxidative system 
(and are mamtamed by it) are madequate to keep pace with the decay of 
the oxidative system the isotonic tumor homogenates that have been 
studied could have little or none of the oxidative system or they could have 
a preponderance of the breakdown mechanisms such that no activity 
could be demonstrated under the conditions employed In either case, 
the fact remams that a marked diffeience between a number of normal 
tissues and tumors has been demonstrated One of the differences betiveen 
tumors and normal tissues is the much higher content in vivo of lactic acid 
m the tumors (25) With this m mind, the experiment shoAvn m Fig 3 
IS important because it show s that normal tissues can be left in situ for 
periods long enough to build up a lactic acid content greater than is found 
m tumors (26) mthout a decrease m the activity of the oxidizmg system 
The inactivity of the tumor homogenates cannot be attiibuted solely 
to high depbosphorylative mechanisms because homogenates of the same 
tumors have been showm m this laboratory to mamtam their glycolytic 
activity over long periods of time (27) and to mamtam the ATP system 
by means of the energy of glycolysis (28) The ability of aerobica y 
^glycolyzmg homogenates (with a mamtamed ATP system) to metabolize 
oxalacetic acid is being studied in terms of the hypothesis that in tumors 
the end-products of glycolysis may be converted to building blocks or 


grorvth mstead of being burned to CO 2 and water (16) 

The establishing of the conditions for handlmg tissues and homogena es 
m order to obtain oxalacetate oxidation was a prelimmary to further stu 1 
designed to establish the experimental basis for the components 0 J 

reaction mixtuie 1 It is at pi esent impossible to mamtam the ATP sys 

m normal tissues for moie than limited periods by means of 0 x 1 a 
mechanisms, and the reasons for the decay are still not fully unders 
One of the dilemmas that confronts us is the fact that the combustion 0 
salts of the acids of the ICrebs cycle leads to a giadual alkalization 0 
medium and consequently to an acceleration of ATP breakdoim 
One solution of this problem w ould be the use of glucose to fo^ 
acid but this reaction has not been obtamed m rat liver and ki ey, 


also (3) 

Another difficulty is our mability to 


check the breakdown of key co® 


»LePage, G A., unpublished work 
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ponents of the oxiclativo phosphorylation system by the action of pros- 
thetic gioup-icmoving enzymes, dephosphorylases, deaminases, nucleo- 
tidases, etc Possibly the use of washed residues (8, 12, 15) tends to remove 
some of these enzymes while letammg the oxidative phosphoiylation system 
in the particulate mateiial, but expeiiments by Schneidei m this laboratory 
have shown tint in the case of liver, at least, tlie whole homogenate has 
greater activity than any combination of its sedimentable components 

It IS appaient from the data in Figs 5 and G that the study of inoiganic 
phosphate uptake in homogenates cannot be undertaken on the basis of 
the measurement of inoiganic phosphate alone, owing to the large number 
of reactions that mvolve the foimation and removal of this compound 
It IS also deal that the occuirence of phases of accelerating and deceleiat- 
mg phosphate uptake must be taken into consideration if exact data on 
efficiency of phosphorylation mechanisms are to be obtamed 

SmiJURY 

1 The ability of whole homogenates of rat kidney, heart, liver, skeletal 
muscle, and brain to oxidize oxalacetate in the presence of magnesium ions, 
adenosine triphosphate (ATP), inorganic phosphate, diphosphopyridme 
nucleotide, and cytochrome c was detei mined 

2 Samples of piimaiy hepatoma and Walker 256 and Flexner-Jobiing 
rat tumors took up negligible amounts of oxygen m comparison to the 
normal tissues studied under the same conditions 

3 Isotonic KCl homogenates were found to give much better results 
than water homogenates on the basis of comparisons made with kidney, 
liver, and brain 

4 Activity was measured in KCl homogenates stored for G and 24 hours 
at 0° and in KCl and m water homogenates incubated 15 minuies at 38°, as 
well as in homogenates from tissues remaining at 38° tn situ in decapi- 
tated animals for 1 to 4 hours Each tissue gave different resullb, but 
there was no loss in activity in any of the tissues in homogenates stored 
at 0° up to 6 hours or m ischemic tissues in silu up to 30 minutes 15 
minutes at 38° inactivated the enzyme m kidney and m brain but not in 
Iivei homogenates 

5 Studies of phosphate balance were made on KCl and on water homo- 
genates of rat kidney Measuiemcnts of true inorganic phosphate did not 
yield figures foi phosphate uptake that could be compared with phospho- 
creatme formation, but, when corsected for changes m A.7 phosphorus of 
ATP and foi inorganic phosphate not commg from the A7 fraction, the 
figures for inorganic phosphate uptake were parallel to the figures for phos- 
phocreatine formation Homogenization m water results in an inciease 
m dephosphorylation reactions relative to phosphorylation reactions, so 
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that any systems that are dependent upon the maintenance of the ATP 
system are weakened oi lost 

The authors ivish to acknowledge the technical assistance of Mr John 
Kallenbach m connection with some of the manometiic measurements 
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PARTIAL ACID HYDROLYSATES OF PROTEINS 

VI ASSVY OF LIQUID PROTEIN HYDROLYSATES IN PROTEIN-DEPLETED 

RATS* 

By DOUGLAS V FROST and H4RRY R SANDY 
(From the Abbott Laboratones, North Chicago) 

(Rccened for publication, April 31, 1948) 

Expenments to determine the comparative nutiitive value of partial 
acid hydrolysates of various protems have been carried out foi several 
years in this laboi atoiy Most of this ivoi k has involved studies of mtiogen 
balance m dogs wherem the hydiolysates ivere admmistered intravenously 
Shoit term experiments, le i to 5 days, weie used to deteimiue mmimum 
mtrogen levels at u hich the N balance could be mamtamed (1, 2} In these 
experiments 2, 4, and 6 houi hydrolysates of casern and fibrin (3) all ap- 
pealed to be veil utilized and capable of maintaining the balance at levels 
of 120 to 150 mg of N pei kilo per day The casern hydiolysates did not 
support the balance at this low level unless fortified mth sulfur ammo 
acids In subsequent longer term experiments (4) fibrin hydrolysates 
proved adequate to suppoi t dogs m nitrogen balance at a level of 120 mg 
of N per kilo per day for 15 weeks, ivhereas dogs on somewhat higher levels 
of casern hydrolysate failed completely m a few weeks On the basis of 
these and other experiments it nas concluded that short term nitrogen 
balance studies m normal adult dogs may be misleading and that Jong teim 
experiments at low levels of nitrogen are more significant 

Another method of approach tested the ability of hydrolysates to bimg 
about rapid recovery of severely depleted dogs when given m massive 
dosage (5) In these studies partial acid hydrolysates of fibrm n ere agam 
better utilized than those of casern Because the casern and fibrin hy- 
drolysates did not appear to differ markedly m essential ammo acid value 
(5), it was deduced that the better utilization of fibrm bydiolysate might 
be due to better utilization of the bound (peptide) ammo acids of fibrm 
hydrolysate Christensen, Lynch, Deckei, and Poners (6) have reported 
a somewhat lower excretion of bound ammo acids m humans follonmg 
mfusion of partial acid hydrolysates of fibrm than after infusion of an 
enzymatic digest of casern These findmgs pomt to the need for mtra- 
venous studies in the final assessment of mtravenous hydrolysates nhich 
contam a significant proportion of then total ammo acids m bound form 

* Presented in part before the Division of iMedicinal Chemistry of the Amencan 
Chemical Society, New York, September 17, 1947 
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Although there is an obvious advantage m the intravenous method, 
certain practical difficulties aiise in the use of dogs as assay animals 
Dogs available for use in most laboratories vaiy as to age, breed, and nutn 
tional history and do not compare m degree of standardization as test 
agents v ith the rat Also there are laige quantitative differences betneen 
requiiements for growth and maintenance Hegsted, Hay, and Stare (7) 
have estimated that no moie than 1 6 mg of tryptophan and 15 mg of 
isoleucine per kilo of body weight pei day aie lequired foi nitrogen balance 
in the adult dog, whereas the similar requirements for ma\imum growth in 
rats weie estimated to be 94 mg and 880 mg respectively Furthermore 
the amino acid requirements of the rat aie better Imown than are those of 
the dog We were thus influenced to seek a rapid and fairly pi ecise method 
for screening and control purposes wuth rats A method which would 
clearly reveal the ammo acid adequacy of essential ammo acids in liquid 
piotem hydrolysates, and would not necessitate drying the hydroly&ates, 
appeared most desirable 

The method described herein is based on the rat repletion metliod of 
Wisslei, Steffee, Woolndge, Eenditt, and Cannon (8) and Frazier, Wissler, 
Steffee, Woolndge, and Cannon (9) These authors have established that 
lack of any one of nine ammo acids essential for the adult rat results m 
prompt deficiency symptoms, which are as promptly corrected by return 
of the missing amino acid to the diet Then results are qualitativey 
similar to those reported extensively by Rose (10) The repletion m^ 

IS more rapid than the rat growth method and is particulaily adapted 
the problem m hand because of the ability of adult rats to consume lar^ 
volumes of liquid nutrients, as pieviously desciibed (8, 11) beve 
applications of the method arc described 


EXPERIMENTAL 

All rats used were from our owm colony, which has been mbied 
yeais 1 igoious, rapidly growing, young adult male rats were rais 
breeder stock diet until they weighed IGO to 220 gm They wmre ' 
placed on Diet NP4 for 12 days, during which they uniformly los a 
one-fourth of their initial body weight Shorter depletion 
not give as satisfactory results as the 12 day depletion Q 05 °per 
purified protein-free diet. Diet NP4, which contains only 0 02 to ^ ^ ^ 
cent nitrogen, is made up as follows sucrose 83, Salt Mixture ^ 

4, agar 1 4, Pi imex 4 2, corn oil 4 2, cod liver oil 1 4, choline c 
and inositol 0 14 gm , thiamine hydrochloiide 0 G, riboflavin 1 , py 
hydrochloiide 0 G, calcium pantothenate 5 0, nicotmic aci > 
tocopherols 2 5, and ascorbic acid 14 mg per 100 gm of diet 
The rats were supplied the 5 per cent hydrolysates in ^ 



D V FROST AND H E S\NDY 


C37 


attached to the cages Aluminum drinking fountains with rather broad 
planed rims were used No loss of the solutions occurred from siphonmg 
with this type of drinking tip Unless otherwise indicated, no \Aater was 
given The non-protein diet was fed ad libitum Fmal \\eighmgs were 
made 24 hours after the last hydrolysate feedmg In order to orient the 
rats equally the following procedure was adopted After a 12 day depletion 
all rats are offered 40 to 50 cc daily of a standard 5 per cent hydrolysate for 
3 days During this period the rats learn to drmk at neaily the maximum 
rate They are returned to the non-protem diet with water for 3 more days, 
durmg which they again lose weight Rats thus piepared usually consume 
the entile allotment of hydrolysate subsequently offered to them, and con- 
tinue to do so provided no ammo acid deficiency is present Groups of 
fifteen to thirty rats weie prepared at a time Groups for individual assays 
numbered four to seven rats Because of the small size of the groups 
conclusions are based only on experiments which have been repeated two 
or three times with the same general results In experiments m which 
the mtake was limited to 0 12 to 0 32 gm of N per rat per day, a smgle 
measured volume of solution was fed daily In all instances m which 
there was good balance of the essential ammo acids this volume was taken 
before bacterial growth became visible During feedmg ad libitum the 
drmkmg tubes were filled twice daily An advantage of the method is 
the ease and accuracy of measurmg the liquid and nitrogen mtake each 
day 

The essential ammo acids were determmed m most of the hydrolysates 
studied Tryptophan was determined colorimetncally directly on the 
vmchanged hydrolysates by the method of Graham, Smith, Hier, and 
IGem (12) This modification of the method, which depends on the color 
formed by the reaction of tryptophan wnth p-dimethylammobenzaldehyde, 
gives somewhat lower values for tryptophan m fibrin hydrolysates than 
does that of Horn and Jones (13), previously used m oui laboratory 
Cystme was determmed by the method of Folm and Marenzi (14) and 
methionme as described by White and Koch (15) The remammg essential 
ammo acids were determmed microbiologically by the method of Stokes, 
Gunness, Dwyer, and Caswell (16) Free ammo acid nitrogen determma- 
tions weie made by the mnhydim method of Van Slyke, Dillon, 
MacFadyen, and Hamilton (17) 

Assay of Dried Proteins — For purposes of comparison a number of dried 
powdered pro terns weie fed m small cups attached to the cage vail by 
metal clips Water was offeied ad libitum All proteins vere fed at a 
level to supply 0 24 gm of N per rat per day The fibrin, casern, and vheat 
gluten supplements were completely, or nearly completely, consumed by 
all of the rats m these groups The beef muscle, which had been extra' 
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to thf ZhTsk” ™P“”=* on addition of synthetic Dt-isoleume 

to the crude flbrm hydiolysate These resuits md.cate that o lonsB 

_FIBR,H hydrolysate sy.WlTH DEXTROSE 5y.-802K3l6 
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21 6 GM 
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P 1 'TV, 

thp frrnr r!,fr ^ 'odicate the point at which feeding the fibrin hydrolysate sf 

!“> dav rtprilnf le\ els was Started AJ] rats were prepared for assay by a 

3 day redepletion^*^*°*^’ ^ ^ drinking trial on a standard fibrin hydrolysate, and a 


R^ay peno t an 12 days may be desirable, depending on the purpose for 
^ used For purposes of routine testing, a somewhat shorter 

perio t an 12 days may piove adequate, particularly when the nitrogen 
mtake is limited to a cntical level 

The isoleucine lequiiement for a maxunum rate of repletion was calcu- 
lated to be somewhat m excess of 75 mg per rat per day 

Requirement for Trypiophan—FYnzier el al (9) indicated that m complete 
ammo acid mixtures an mtake of 18 mg per day of oL-tryptophan supplied 
the need for this ammo acid for good weight recovery m adult profeiu 
depleted rats, but that 9 mg of DL-tr3q)tophan w'ere distmctly hmitmg urr 
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gave only a veiy small response As a result of many experiments the 
fact became clear that pai tial acid hydi olysates of fibrm which contained 
upwards of 0 9 per cent natuial tiyptophan on a dry basis gave unifoimly 
rapid weight recoveiy in depleted rats When fed ad hbilum, such hy- 
drolysates supplied about 24 mg of tiyptophan per rat per day, with a 
12 day weight recoveiy of about 60 to 65 gm Hydrolysates which con- 
tamed 0 6 per cent trjTptophan under similar conditions supported an 



0 10 20 30 0 10 20 30 0 10 20 30 

DAYS 


Fio 2 Weight response at 12 and 18 days of protein depleted rats (males) to ad 
libitum feeding of partial ecid hydrolysates of crude Sbrin alone and fortihed with 
equal parts of leucine and isoleucine at a level of 1 per cent of the hydrolysate solids 
Comparison with partial acid hydrolysate of purified fibrin The solutions each con- 
tained 5 per cent hydrolysate and 5 per cent dextrose The solid lines indicate the 
first 12 days of the supplement, the broken lines, the G additional days of supplement 

average weight gam of only about 40 gm , with a tryptophan mtake of 
about 14 mg per rat per day 

In Older to make the effect of a limitmg deficiency of tryptophan more 
critical, experiments were run m which the hydrolysate intake was limited 
to supply 0 24 gm of N per rat day Previous woik had shoivn that the 
maximum weight lecovery on various hydrolysates fed at this level is 50 
to 55 gm in 12 days For the experiments a 5 per cent fibrin hydrolysate 
was selected which was knoivn to contain a limitmg level of tryptophan, 
4 e , 0 68 per cent on the basis of the hydrolysate sohds To part of this 
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was added an amount of Di.-tryptophan to give 0 92 per cent on a diy 
basis The expeiiment was carried out mth two groups of slx rats each, 
as shown m Fig 3 

The considerable difteience m weight gam for the two groups of rats is 
shown m Fig 3 The 12 mg daily level of tryptophan is clearly too loiv 
for best performance The level of 16 5 mg is thought to be about opti 
mum at the level of nitrogen mtalce studied A somewhat higher level, 



Fig 3 Weight response of protein-depleted rats (males) to controlle , jjjj, 
partial acid hydrolysate of purified fibrin alone and with 0 24 per cent dl r 
added on the hydrolysate solids The solutions fed contained 0 24 gm o gjte 
The assay includes a 3 day orientation period during which the hqui y 
was fed ad lihiium, followed by a 3 day depletion before the assay 


of 5 


I e 18 to 20 mg per rat pei day, is required for the maMmum lesp 
about 60 to 65 gm under conditions of ad hbilum feedmg livdh>^y 

Effect of Degree of Hydrolysis — ^The availability of paiti to 

sates of fibrin of varymg degrees of hydrolysis offered the 
study the effect of the progressive destruction of strepogenin 
value F ive sepai ate hydi olysates varymg vudely m the us^ 

SIS were compared m the repletion test The *i°y(ji-olys!S 

were similar m each mstance axcept that the degree o i jytroge“ 
varied by the tune of heatmg m acid The ratio ates studied 

to total nitrogen ranged from 42 to 74 per cent m the y 
Complete hydrolysates of fibrm have a ratio of 75 to P 
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The tryptophan was completely destioyed in Lot 705K308, m which the 
hj^drolysib w'as neaily complete Wlien uecessai j , L-tij^tophan w^as added 
so that the content of all hydiolj sates w^oukl be similai, te , 10 per cent 
tryptophan on the basis of 16 pei cent nitiogen Also all hydrolysates 
were smiilaily foi tilled to supply 3 2 pei cent methionme and 2 7 per cent 
cystme 

The stiepogenin content of the hydrolysates was determmed micro- 
biologically with Laclobacillus casei, as desciibed by Spiince and Woolley 
(18) Accoidmg to their piactice Wilson livei fiaction L was aibitrarily 


Table II 

Effect of Degree of Hydrolysis and Slrcpogemn Content of Acid Hydrolysates of Fibrin 
on Repletion Response to Feeding ad Libitum 


Fibrm hydrolysate * 
lot No 

1 

iH>drolysiat 

COOHN 
to total N 

12 day repletion response 

Strepogenm 
content 
(Lactobacillus 
casci assay) { 

No of rats 

j Range 

Average 


hrs 

per cent 


I gm 

gm 


702K300 

6 

42 1 

9 

47-74 

60 

2 3 

704K300 

7 

44 

9 

40-56 

51 

1 6 

702K302 

8 ! 

48 

6 ! 

47-58 

55 

1 3 

706K312 

11 

55 

6 

47-65 

56 

0 7 

705K308 

18 

74 

7 

44-80 

63 

0 

Complete hydroly- 
sate 

i 

75-76 




0 


* All lots contained 5 per cent fibrin hydrolysate and 5 per cent dextrose, and 
were made to contain equal levels of tryptophan, methionine, and cystine 

t Hydrolysis was carried out at 10 to 20 per cent protein concentration with a 
ratio of HnSOi to fibrin of 1 2 1 The complete hydrolysate was further hydro 
lyzed with 8 n HCl for 8 hours 
t Liver fraction L (Wilson) = 1 

assigned a value of unity and the potency of the hydrolysate solids was 
expressed m relation to this standard 
The five hydiolysates made to 5 pei cent solids were assayed by the rat 
lepletion method with feedmg ad libitum From six to eleven rats were 
used m each gioup Records of liquid mtake w'ere kept throughout the 
12 day period so that mtrogen efficiency latios could be calculated All 
of the hydrolysates w'ere well taken, the mtake averagmg about 55 to 60 cc 
per day 

The degiee of hydiolysis, the a\erage 12 day weight gams, and the 
relative strepogenm content of the five hydrolysates aie shown m Table II 
The data mdicate that theie is no failure in nutiitive value as measured by 
this test follownng destiuction of almost all of the strepogenm origmally 
present m the piotem Nitiogen efficiency values m the narrow range of 
12 6 to 13 8 were obtamed for the different hydrolysates 
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The lot of fibrin hydrolysate m which hydrolysis was nearly complete, 
Lot 705K308, was also tested at the level of 0 24 gm of N The average 
weight gain of si\ lats under these conditions was 52 gm (range, 41 to 60 
gm ), which IS about the maximum obtamed with partial hydrolysates of 
fibrm 

Partial Acid Hydrolysates of Casein — ^Experiments with partial acid 
hydiolysates of casern are particularly mterestmg ivith regard to the 



hydrolysate only 


utilization of the sulfur ammo acids Experiments were carried on ^ 
casern hydrolysate which contamed about 75 pei cent bound 
The essential ammo acid content, calculated to 16 pei cent N, is as ° 
isoleucme 4 5, leucme 8 4, valme 6 4, thieonme 4 2, methionine 
1 5, phenylalanme 3 7, t 3 nosme 4 2, tryptophan 0 4, lysme 8 1, is ' 
and arginme 3 4 The hydrolysate was fortified during nian 
with 0 8 per cent cystme above the normal level of 0 7 per cen jjj 
results on this hydrolysate at a level of 0 24 gm of N per day are 
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Fig 4 Only 47 per cent of the hquid allotment was taken and a weight 
loss occurred in all lats 

The tiyptophan deficiency was collected by addition of DL-tiyptophan 
to a level of 1 6 pei cent on 16 pei cent N DL-Methionme was added to 
supply a total of 6 29 pei cent The hydrolysate was fed at a level of 
0 24 gm of N pel day and the aveiage intake was 88 per cent of the allot- 
ment Giowth responses foi the hydiolysate fortified m this way are 
shoira m Fig 4 

Further ex^ieriments weie conducted m which the origmal hydrolysate 
was fortified with nn-tiyptophan at the same level as above The casern 
hydrolysate foitified with tiyptophan supported an average weight re- 
covery of 30 gm (lange 20 to 41 gm ) m 12 days m six rats The rats took 
93 per cent of the allotment of 0 24 gm of N pei rat per day 

DISCUSSION 

The primary role played by the “mdispensable” ammo acids, lysme, 
histidme, isoleucme, leucme, valme, threonme, tiyptophan, and phenyl- 
alanine, has been clarified by Rose and his coworkers for groivth m rats and 
mamtenance m adult humans (10), and by Cannon’s group (9) for repletion 
m adult piotem-depleted rats The present method imposes highly 
critical conditions m the use of still grornng, neaily adult rats foi depletion 
The stimuli for growth and repletion occui simultaneously and deficiencies 
m assay materials promptly become manifest 

Frazier et al (9) have repoited that ammo acid mixtuies patterned 
after casein support as great or greater lepletion responses as an isonitrog- 
enous amount of casein Our experience (11) has been that a min o acid 
mixtures produce a somewhat greater response than casern This has been 
tiue, despite the unavailability of the d forms of valme, isoleucme, and 
threonine used m the mixtures Direct compaiisons are further com- 
plicated by the fact that cas'in contams about 10 per cent of its nitrogen 
m the amide groups of asparagine and glutamme The findmg that pro- 
giessive destruction of strepogenm does not reduce the repletion response 
to ad hbilum feedmg stiongly supports the thesis that adult protem-de- 
pleted rats do not require stiepogenm for maximum recovery 

Somewhat opposed to the hypothesis that protems and protem hydroly- 
sates contam ammo acids combmed m a way which provides a nutritional 
advantage, such as that ascribed to strepogenm foi the growth of young 
rats (19), aie the lepeated findings in this laboratory that complete acid 
hydrolysates of protems fortified mth tryptophan are not generally m- 
fenor, and may even be superior, to the original protems Risser (20) 
reported that complete hydrolysates of casern fortified with tryptophan 
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and cysteine aie sbghtly more effective in maintaining mtiogen balance 
orally m dogs at mmimum levels than is whole casern foitified mth the 
same amount of cysteme As previously chscussed, partial acid hydroly- 
sates of casern appear to be less well utilized on mjection than partial acid 
hj^drolysates of fibim (4, 5) In the piesent e\peiiments there is further 
evidence that the failme m utilization of casein and casern hydrolysate^ 
mvolves the sulfur ammo acids, pai ticularly methionine 
The foUowmg average weight gams foi 12 days, fiom the above data 
and Table II, aie illustiative casern 44 gm , casern hydiolysate fortified 
with tiyrptophan and cysteme 30 gm , casern hydiolysate fortified with 
tiyptophan, cysteme, and methionme 53 gm , and fibim 58 gm The total 
sulfui ammo acid content of these piepaiatious avas deteimmed as 3 6, 43, 
7 8, and 3 8 pei cent respectively The methionme contents of casern 
and fibrm were found by analysis, and aie geneially reported to be about 
3 and 2 2 per cent lespeetively In these evperiments, as m the previous 
woik with dogs (5), fortification of paitial acid hydrolysates of casem 
with cysteme to a level of total sulfm ammo acids m excess of that in fibnu 
IS msufficient to correct the sulfur ammo acid deficiency Fortification 
with adequate methionme, howevei, appears to improve the nutntive 
character of this tjqie of casem hydrolysate greatly It is of further 
mterest to note that pure ammo acid nuxtures, patterned after casea 
and made to contam about 3 8 per cent total sulfur ammo acids, supported 
nearly maximum lepletion responses and no evidence of a sulfur annuo 
acid deficit was apparent (11) Expeiiments are imdei way to determine 
the mmimum sulfui ammo acid lequiiements foi repletion This app6^“ 
from the data m hand to be no more than 70 mg per lat per day 

The ratio of sulfuric acid to fibim used m these expeiiments was 1 2 i 
about 50 per cent gi eater than the latio used previously (3-5) Experience 
m this laboratory with the hydrolysis of piotems, particularly lecent wor 

by Di G F Lambert, has mdicated that fibrm IS unusual vuth legar ® 

the ease with which it undeigoes acid hydiolysis Although 
destruction of tryptophan, as well as stiepogenm, occuned 
conditions used for complete hydiolysis, no significant destruction o 
essential ammo acids was thought to occui Casem is consideiably 
resistant to acid hydi olysis than fibrm and requii es i ather drastic con 
for completion of hydiolysis Because of the many mteractions w 
take place durmg the hydiolj’-sis of protems it is diflficult to 
lesultmg hydiolysates m i elation to the whole piotein The use 
may leduce these uncertamties to some extent, however, the 
must be based on comparisons between puiified protems and them co 
part mixtures of pure L-ammo acids 
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SUMSIARY 

A relatively rapid method for assaying the nutiitive value of liquid 
protem hydiolysates, based on weight legeneiation in protem-depleted 
rats, IS desciibed A feedmg level of 0 24 gm of N pei rat per day was 
found to give the highest mtiogen efficiency ratio in the case of a partial 
acid hydiolysate of fibrin, and was adopted as a standaid feeding level 
Seveial whole piotems weie assayed as diy supplements separate from the 
diet at the 0 21 gm of N level 

Partial acid hydrolysates of fibim were assayed with regard to the 
optunum level of tiyptophan and isoleucme The requiiement for tr 3 rpto- 
phan for maximum weight gam was estimated at about 18 to 20 mg per 
day The similar lequiiement foi isoleucme was somewhat greater than 
75 mg per day Exqieriments vnth partial acid hydrolysates of casern 
mdicated that the sulfur ammo acids contamed therem are not completely 
utihzed when taken orally by the rat 

The degree of hydrolysis of partial acid hydrolysates of fibrm did not 
appear to altei the repletion responses up to the hydiolysis pomt at which 
97 per cent of the ammo acids were m free form and no strepogenm 
remamed 


Thanks are expressed to P N E Naidu, m charge of Ammosol manufac- 
ture, for supplies of many of the materials studied, to Elsa Proehl for 
COOH-N determmations, to Eleanor Willerton for miciobiological ammo 
acid analyses, and to E 0 Kruegei for chemical analyses of ammo acids 
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THE ROLE of biotin AND ADENYLIC ACID IN AMINO ACID 
I DEAMINASES 

By HERMAN C LICHSTEIN and JOHN F CHRISTMAN 
(From the Department of Bacteriology, University of Tennessee, Knoxville) 

(Received for publication. May 3, 1918) 

Within the past year the mode of action of biotin has become increasingly 
clarified The i elation of thiu vitamin to OYalacetic acid decaiboxylation 
was discovered independently m at least four laboratories (1-4), while its 
' apparent role in the synthesis of oleic acid has been suggested by Williams 
elal (5) and Snell e/ af (G) Biotm has further been shown to activate the 
deamination of aspartic acid, serine, and threonine (7) This paper is 
concerned with biotm activation of the deaminases 

Methods 

The organisms employed m these studies were Escherichia coli (Gratia), 
Escherichia coli (10B3), Proteus vulgaris, Aerobacler aerogenes, and Bac- 
terium caiaueris (Gale) They were grown for approximately 16 hours 
at 27-30° m a medium composed of 1 pei cent each of tryptone and yeast 
extract and 0 5 per cent K2HPO4, the final pH was 6 9 to 7 2 In certain 
mstances this medium was supplemented with 0 1 per cent formate Cells 
were harvested by centrifugation, washed once with distilled water, and 
suspended in m phosphate, pH 4, to give about 1 mg of bacterial nitrogen 
per ml Biotin deficiency was obtained as previously described (3, 7) by 
holding the cell suspensions at pH 4 in phosphate buffer for 30 to 60 minutes 
at 20-30° The deamination experiments were perfoimied at either pH 4 
or 7 in phosphate buffer at 37° After incubation m the presence of an 
ammo acid substrate the reaction was stopped with 100 per cent trichloro- 
acetic acid, and ammonia was determined colorimetncally (IQett-Sum- 
merson photoelectric colorimeter) on aliquots of the centrifuged samples 
The biotin employed was the free form* and the adenylic acid was the 
adeaosme-5-pho3phonc acid ® Further details are mcluded with the data 

* Results 

The data given in Table I demonstrate that biotm stimulates aspartic, 
serine, and threonine deaminases Biotin alone fully replaces the mixture 

* We are grateful to Merck and Company, Inc , Rahnay, New Jersey, for supplies 
of this material 

’ Kindly supplied to us by the Ernst Bischoff Company, Ivoryton, Connecticut 
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of all the known members of the vitamm B complete, while such a mixture 
without biotm gives little oi no stunulation 


Table I 


Btolin Activation of Aspartic Acid, Serine, and Threonine Deaminase 
Cells grown as described in the text, aged at pH 4 in m phosphate at 25-30° Reac 
tion run at pH 7, 37°, 20 to 30 minutes, volume 2 ml Amino acids added at 0 005 si 
final concentration The increase in ammonia over samples stopped at zero time 
was taken as an index of deamination 


Organism 

Ammo acid 

Ammoma mtrogen produced 

No 

additions 

Vitamins 
less biotin' 

Vitaminsf 

Biotm OIr 
per mL 




y 

y 

y 

y 

E coll (Gratia) 

L Aspartic 

8 1 

7 7 

10 1 

100 



8 3 

9 2 

28 4 

CO 

XO 



11 0 

8 8 

23 5 

2o 0 



9 3 

10 6 

24 5 

239 



6 6 

8 4 

23 5 

21 6 



10 9 

11 2 

46 5 

40 1 


DL-Serine 

23 0 

23 0 

31 9 

30 5 



21 6 



31 3 



25 1 

25 2 


46 4 



8 8 



15 7 

P vulgaris 

L Aspartic 

1 5 



14 8 


5 9 

6 5 


20 3 



3 9 



68 


DL-Senne 

5 3 



1 10 4 



14 6 

14 4 


27 2 

E coll (10B3) 

L-Aspartic 

5 4 



10 4 

14 9 


DL-Threonine 

7 8 





6 2 

6 5 

12 8 

12 9 

B cadaieris 

L-Aspartic 

3 6 

4 1 

4 5 


8 9 

12 7 



0 



7 


DL-Serine 

2 9 



13 3 

5 8 



6 3 

6 3 

12 9 


DL-Threonine 

2 2 


8 9 

86 



2 4 

3 0 


1 1 

* Vitamins added per ml , nicotinic acid 2 5 y,p aminobenzoic aci Ti 
0 5 7 , pantothenic acid 0 5 7 , thiamine 1 7 , folic acid 0 5 7) pyndoxal 7 ^gaction 
t As vitamins less biotin with free biotin added to yield 0 1 7 P®r m n 


mixture 


Attempts to reverse deamination of serine and threonme av 
been unsuccessful, while with aspartic acid such reversal is r^ , i|q,v the 
strable Usmg NHiCl and malic acid, we have been able 0 
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disappearance of ammonia and to show that biotm and adenylic acid are 
also involved in this leaction Representative data aie given in Fig 1 
Results with furaarate have been vaiiable, probably because of perme- 
ability effects We have previously shoivn (3) that the pioduct of aspartic 
acid deamination in these cells is fumaiic acid and not malate, but that 
malate and fumaiate e\ist in equilibiium because of an active fumarase 
present m these cells 

Biotm fails to stimulate the deammation of alanme, phenylalanme, and 



Fiq 1 Reversibility of aspartic acid deaminase in Bacterium cadavens Cells 
aged at pH 4 in m phosphate at 20® for 60 minutes Reaction run at pH 7, 37° 0 03 

M malic acid -i- 20y of aznitioma, as NHiCl Reaction volume 2 ml 

methionme (chosen as typical of the substrates of the d- or L-ammo acid 
oxidases) and glutamic acid in comparable experiments in which it was 
effective m stimulating aspaitic deaminase fTable II) The glutamic 
deaminase m Aerobacter aerogenes has given tanable lesults, as shown by 
the data in Table II In one of five experiments pei formed, a definite 
stimulation with biotin was recorded However, to determine whether 
this is a direct biotin effect on glutamic deaminase or an indirect action due 
to transammation of glutamic acid to aspartic acid (with oxalacetic acid 
present m the cell) and subsequent deamination of the latter ammo acid 
requires further study It may be noted that glutamate deamination is a 
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somewhat diffeient process than aspartate deamination in that the former 
IS reported to involve a diphosphopyridine nucleotide- or a tnphospho 
pyndine nucleotide linlmd dehydiogenation with the formation of the 
keto acid (8) 

Gale (9, 10), workmg with aspartic and seime deammases in Escliencha 


Table II 

Failure of Biolin to Stimulate Deamination of Certain Ammo Acids 
Conditions as for Table I 


Organism 

Ammo acid 

Amn 

nitr 

No 

ad 

di 

lions 

lonia 

ogen 

Bi 
otin 
0*5 
y per 
ml 

Organism 

Ammo acid 



y 

7 



E coll 

L- Aspartic 

5 8 

17 7 

A aeio- 

L-Aspartic 

(86G) 

DL-Alanine 

10 2 

9 4 

genes 

DL-Alanine 


DL-Phenylalanine 

4 8 

4 6 


DL-Methionine 






L-Glutamic 


L- Aspartic 

10 3 





L Glutamic 

4 2 



L Aspartic 


DL-Alanine 

6 1 

7 1 


DL-Alanine 


DL-Methionine 

6 6 

6 4 


DL-Methiomne 


L- Aspartic 

6 8 

21 8 


L-Aspartio 


L-Glutamic 

3 9 



L-Glutanuc 


DL-AIanine 

7 0 

7 1 




DL Methionine 

4 9 

4 2 


L-Aspartic 


DL-Phenj lalanine 

4 8 



L-Glutamic 




m 


DL-Methionine 

E coll 

L- Aspartic 

5 4 

10 4 



(10B3) 

L-Glutanuc 

4 0 

4 2 


L-Aspartic 


DL-A.lanine 

4 4 

4 1 


L-Glutamic 


DL-Methionine 

3 2 

2 9 




DL-Phen> lalanine 

2 7 

2 8 


L-Aspartic 






L Glutamic 


AmmoDia 

Qitrotea 


Bi 

otio, 

0J5 


7 per 

UOQS/pj^l 


T 

10 7 
34 
37 
31 


6;12 3 
44 
42 


133 o|43 1 
19 1 


11 1 

2 7| 

3 1 

so: 

6 9 

6 4 

4 8 


10 7 
32 
27 

'15 9 
70 

10 6 
0 0 


coh, reported that washed suspensions of these cells lost activity ® 
and that the activity could be recovered by addmg boiled cel 
or other materials Further work showed that the killed ce 
could be replaced by adenylic acid and its breakdown products, ^ 
active of which was adenosine However, this was onl} true or^^^ 
deammase, smce adenylic acid in very low concentrations 
loss of activity and recovery m the case of serme deaminase 
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fore of interest to determine \\hethpr adenjlic acid stimulated the deficient 
cells obtained by our aging technique, which respond to biotin The results 
of such experiments (Table III) show that muscle adenylic acid can re- 
place biotin in aspartic, seiine, and threonine deaminase, and that no 
additive effect is obtained by combining adenylic acid and biotm Al- 
though the data presented here with aspartic deaminase are in geneial 
agreement with those of Gale (9), our results with serine deaminases are 
distinctly at variance with Gale’s woik (10) 


Table III 

Adenylic Acid Slimnlation of Aspartic Acid, Serine, and 1 hreonine Deaminase 
Conditions as for Table I 


Organism 

Ammo acid 

No 

additions 

Ammoni: 

Biolin O 3 
y per ml 

1 nitrogen 

Aden\ he 
aci 1 >■) y 
per ml 

Aden\ lie 
acnl + 
biuiin 



7 

7 

7 

7 

E coll (Gratia) 

L-Aspartio 

8 3 

25 5 

23 8 

23 1 




25 0 

27 0 

23 6 



8 1 

10 0 

10 6 

10 9 



4 4 

1) 0 

5 5 



DL-Senro 

6 3 

12 1 

11 G 

11 9 

B cadavens 

L Aspartic 


5 7 

5 3 





7 0 

12 1 



DL-Scrine 

12 0 

12 C 

20 9 




6 5 


10 8 



L- Aspartic 

6 8 

9 2 

10 1 



DL Threonine 

4 4 

8 8 

8 8 



L-Aspartic 

6 6 

9 9 

8 6 



DL-Seiinc 

4 8 

7 3 

7 0 



Di -Threonine 

4 2 

7 0 

6 2 


P vulgaris 

L-Aspartio 

3 9 

0 8 

6 8 



DL-Serme 

7 7 

12 1 

11 5 



Further experiments were designed to determine the relative levels of 
each substance required to stimulate aspartic deaminase in Baclcrium 
cadavens The data (Table IV) show a striking difference in the concen- 
tration of biotm and of adenylic acid required to activate this enz3me In 
Experiment 1 the aging process resulted in cells w'hich were completely un- 
able to deammate aspartic acid without additions The biotm le\ cIs 
tested were 0 001 to 5 7 per 2 ml of reaction volume All leiels were 
effective and no end-pomt ivas reached On the other hand, 1 7 of sdenv lie 
acid seemed to be necessary for good stimulation and 0 1 7 ga\ e \ cry litllc 
activity In Experiment 2 the dilutions of both substances were carried 
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further m an attempt to get a good end-pomt The aging process was not 
as effective as m Experiment 1, but significant stimulations were obtained 

Table IV 

Relative Concentration of Adenylic Acid and Bioltn Required to Stimulate Aspartic 
Deaminase in Bacterium cadaveris 


Conditions as for Table I 


Experuaent No 

Bioua pet 2 ml 

NHi production 

Adenyhc acid per 

2 ml 

NHj prodecUoa 



y 

Y 

r 

1 

0 

0 

0 

0 


6 

12 4 

100 

12 1 


1 

7 5 

10 

12 1 


10-1 

7 0 

1 

7 3 


10"= 

7 0 

0 1 

2 0 


10-’ 

7 0 



2 

0 

6 9 

0 

5 9 


1 

10 2 

100 

10 4 


10-1 

8 8 

10 

10 6 


10-» 

8 8 

1 

6 5 


10-> 

9 7 

0 1 

6 5 


10-< 

11 0 

0 01 

6 6 


10-8 

11 0 




10-« 

6 6 




0 

2 7 

0 

2 7 


10 

7 5 

10 

11 2 


1 

13 5 

1 

11 2 

1 

10-1 

7 5 

0 1 1 

6 8 


10-8 

14 6 

0 01 

2 7 


10-’ 

7 5 




10-* 

7 1 




10-5 

7 5 




10-« 

7 5 




10-1 

3 0 



A 

0 

6 7 

0 

5 7 


5 

13 8 

100 

14 9 


1 

11 6 

10 

14 5 


10-1 

12 3 

1 

9 4 


10-8 

13 2 

0 1 

9 -6 


10-8 

13 2 

0 01 

6 7 

1 

10-* 

13 0 

0 001 

6 6 


10-5 

10 8 




10-^ 

8 8 




10-8 

5 9 




10-8 

6 4 

— 

— ^ 


The data obtamed show that 10“® 7 of biotin is sufficient to 
aged cells fully, whereas the activity of 10"“ 7 is considerably ess 
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end-pomt for adenylic acid is somewhere between 1 and 10 y, so that biotm 
IS roughly 100,000 times more effective than adenylic acid In Experi- 
ment 3 the aging process was very effective, resultmg m cells show mg very 
limited activity Significant stunuiations weie recorded for biotm through 
10 ~® 7 per 2 ml , while 0 1 7 of adenylic acid was requiied for similar stim- 
ulation In Experiment 3 biotm was about 10,000 times moie effective 
than adenylic acid The deficiency obtained in Experiment 4 was almost 
identical with that m Expeiiment 2 Significant biotm stimulations were 
obtained through 10 ~® 7 per 2 ml , while adenylic acid was required m a 
concentration of 0 1 7 pei 2 ml to give equal stimulation, agam makmg 
biotm about 10,000 tunes more effective than adenylic acid (see Fig 2) 



Fig 2 Relative concentrations of adenylic acid and biotm required to stimulate 
aspartic acid deaminase in Bacterium cadaveris 

The logical question arises as to the role of adenylic acid m the deamma- 
tion of aspartic acid, serine, and threonme Although on the basis of the 
data cited (Table IV) adenylic acid is roughly 10,000 tunes less effective m 
stimulatmg the deficient cells than is biotm, it does nevertheless fully 
stimulate the aged cell Controlled experiments show that under the 
' conditions of the experiments there is no ammonia released from adenylic 
acid itself, so that incieases m ammonia are due to deammation of added 
ammo acid 

Several hypotheses were considered in an attempt to clarify the r 6 Ie of 
biotin and adenylic acid m the activation of these ammo acid deaminases 
The first of these was that the adenylic acid employed m these studies 
contamed biotm as a contaminant Such a hypothesis could be tested 
experunentally by microbiological assay for biotm The methods em- 
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ployed were those given by Snell el al ( 11 ) with Saccharomyces cerevtsiae 
Ihe lesults obtained fiom such assays revealed that I 7 of adenylic acid 
was equivalent to 10 “'® 7 of biotm on the basis of stimulation of the 
growth of Saccharomyces cerevtsiae in a chemically defined medium lacking 
only in biotin Since to account foi the activation of the deaminases the 
adenylic acid should have contained lO"'* 7 of biotin per microgram, it is 
unlikely that adenylic acid stimulation of aspartic, serine, and threonine 
deaminases is due to its biotin content 
Hypotheses othei than biotin contamination of adenylic acid were dcvel 
oped, namely, ( 1 ) biotin may not be the coenzyme of these deaminases 
but functions in some manner m the production of adenylic acid, ( 2 ) 
adenylic acid may function as a non-specific energy source supplying the 
energy necessaiy to synthesize the active coenzyme foim of biotin, (3) 
idenylic acid may be specifically necessary to phosphorylate biotin, (4) 
idenylic acid may combine with biotin to form a coenzyme similar in 
structure to diphosphopyndine or ti iphosphopyndine nucleotide At- 


lempts were made to put these hypotheses to e\perimental test 
It was felt that time curves would shed light on the first hypothesis, 
since, if biotin activation of these deaminases is due to an indirect effect, 
namely its necessity m the formation of adenylic acid, then theie should be a 
definite lag period befoie biotin stimulation is noted and essentially none 
with adenylic acid The data (Table V) presented are for si\ typical 
experiments In all cases biotm stimulation was noted befoie adenylic 
acid stimulation, and in all but one instance biotin activation was present 
at the first time interval These data suggest that the fiist hypothesis is 
unsound and that biotm must be directly associated with the aspartic 
acid deaminase It must be pointed out that the lag m adenylic aci 
stimulation could well be due to permeability factors in the living ce 
It should be noted that in three of the six experiments cited, in which t J 
time curves weie extended to GO minutes, adenylic acid stunulation 0 
aspartate deaminase at pH 7 exceeded that produced by biotm 
was taken as an indication that adenylic acid may be serving as an 
source either specifically or non-spetifically (hypotheses ( 2 ) and ( )) ^ 

that the aged cells lose the ability to synthesize the coenzyme 
biotm in the absence of a suitable energy supply Similar results have 
obtained for serine and threonine deaminases Further 
designed to study biotm and adenylic acid stimulation at pH 7 an 
the latter pH should be low enough to reduce markedly or 
entiiely the synthetic mechanisms of the cell It was also co 
advisable to include the breakdown products of adenylic aci , 
adenine and ribose, and to check the specificity by using guanine 
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lose Results of three typical e\pei iments are given in Table VI and the 
data of one are giaphicaily presented in Fig 3 
It may be seen that the activation of aspaitic acid deaminase by all 
substances tested with the exception of biotin differs at pH 7 and 4 Stimu- 
lation by adenine, guanine, xylose, and iibose, while noted at pH 7, is not 
present at pH 1, suggestmg that these substances may stimulate only under 

Table V 

Time Required for BinUn, and Adenijhc Acid Slimulalion of Aspartic Acid 
Deamination tn Bacterium cadaveric 
Conditions as for Table I 


The figures represent the micrograms of ammonia nitrogen produced after sub- 
tracting the micrograms of ammonia present in similar cell suspensions incubated 
at the times given without added aspartate 


Additions 

1 mm 

5 min 

10 mm 

IS mm 

20 mm 

30 mm 

60 mm 

None 

0 


2 

2 

4 

2 



6 

2 





0 0005 y biotin 

2 

2 

4 

6 

7 

3 



9 

3 





SO y adenylic acid 

0 

2 

2 

6 

3 

7 



6 

4 





None 

0 


1 

3 

5 

1 



5 

1 





0 0005 y biotin 

3 

5 

4 

6 ; 

7 

7 



8 

4 





50 y adenylic acid 

0 

4 

1 

1 i 

8 

4 



9 

5 





0 5 7 adenylic acid 

0 

2 

1 

1 

4 

8 



4 

6 





None 

0 


0 








0 


2 

5 

0 05 7 biotin 

2 

5 

3 

7 







6 

9 

7 

6 

50 7 adenylic acid 

1 0 


0 








3 

7 

12 

4 

None 

0 


i 0 








4 

0 

12 

9 

0 05 7 biotin 

2 

0 

4 

0 







6 

6 

13 

2 

50 7 adenylic acid 

0 










6 

6 

20 

2 

None 



2 

9 



I 4 

6 



6 

8 

10 

5 

0 5 7 biotin 



10 

5 



16 

0 



25 

6 

25 

6 

50 “ adenylic acid 



3 

3 



11 

0 



16 

0 

33 

0 

None 

1 

2 

2 

9 



4 

6 







0 5 7 biotin 

4 

8 

10 

5 



10 

5 







50 “ adenylic acid 

1 

2 

4 

0 



11 

0 








conditions which enable the cells to gain eneigy from them to sjmthesize the 
coenzyme That synthesis of the aspartate deaminase coenzyme does ^ 
occur even in the absence of added substances may be seen from a compari- 
son of the figures for no additions at pH 7 and 4 Such a comparison shows 
that at pH 7 the cells can synthesize the coenzyme, while at pH 4 this 
synthesis is either absent or greatly i educed Biotin stimulation of as- 
partate deaminase seems not to depend on the pH, although it is usually 
more pronounced at pH 4 than at pH / because of the inability of the cells 
to synthesize the coenzyme without this vitamm at the former pH Stun- 
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Table VI 

jgc. ./ V„,ou, 


Additions per ml 


Ammonia nitrogen produced 


None 

0 05 7 biotm 
50 7 adenylic acid 
60 " adenine 
50 “ guanine 
60 “ nbose 
60 *' \yIose 


None 

05 7 biotin 
60 7 adenylic acid 

0 06 7 biotin + 60 7 adenylic acid 
None 

0 05 7 biotin 

60 7 adenylic acid 

0 C6 7 biotin + 60 7 adenylic acid 


20 mm -10 mm 1 80 mm 20 mm 1 40 mia [ 80 min 


7 3 10 0 17 3 



■nrlE IN MINUTES 

Fig 3 Effect of pH on biotin and adenylic acid stimulation of aspartic acid 
deamination in Baclertwn cadavens 
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Illation by adenylic acid, while diffeiing at pH 7 and 4, is definitely present 
in both instances as opposed to adenine, guanine, ribose, and xylose It is 
noted that, whereas adenylic acid stimulation at pH 7 usually exceeds 
biotin (Tables V and VI) after a suitable incubation period, at pH 4 the 
lag peiiod before adenylic acid stimulation is noted is greatly extended and 
aftei SO mmutes incubation it has not reached the biotin activity It is of 
definite interest to note that m some instances (Table VI and Fig 3) cells 
may be stimulated to a greater extent by a combination of biotin and 
adenylic acid than by eithei agent alone 
The data of Table VII show that on two occasions cells were obtained 
which at pH 4 faded to be stimulated by eithei biotin or adenylic acid 

Table VII 

Effect of Biotin Plus Adenylic Acid on Aspartic Acid Deaminase in Bacterium 

cadavrris 


Ammonia mtrogen produced 


Additions per ml. 

pH 4 

1 pH 7 


30 mm 

60 mm 

30 mm 

60 mm 

None 

7 

2 8 

7 

2 8 

7 

7 5 

7 

16 0 

0 05 7 biotm 

2 8 

2 8 

12 2 

20 2 

SO 7 adenylic acid 

2 8 

2 8 

8 3 

24 0 

0 05 7 biotin -4- SO 7 adenylic acid 

2 8 

8 6 

12 6 

22 6 

None 

1 9 

1 9 

G 3 

12 9 

0 05 7 biotm 

1 9 

1 9 

11 7 

21 1 

50 7 adenylic acid 

1 9 

1 9 

6 9 

22 2 

0 05 7 biotm -b 50 7 adenylic acid 

1 9 

6 5 

12 1 

23 4 


alone, but weie markedly stimulated by a combination of biotin and 
adenylic acid These same cells at pH 7 were able to synthesize coenzyme, 
biotm activity and adenylic acid stimulation weie typical, and veiy slight 
if any additive effect is noted when both biotm and adenylic acid are com- 
bmed These data suggest that the thud or fourth hypothesis may be 
valid, namely, that adenylic acid is mtunately associated with these de- 
anunases, eithei havmg the function of phosphorylatmg biotm to an active 
coenzyme form or by chemically combmmg vnth biotm to foim the co- 
enzyme 

It might be well to consider in some detail the aging process as employed 
m our studies to obtain a biotm deficiency IMicrobiological assays for 
biotm content m fresh and aged suspensions of Bacterium cadavens have 
shown a definite i eduction m biotm content after agmg at pH 4 m phosphate 
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buffei Thus m one typical experiment a freshly harvested bactenal sus 
pension contained 10~^ 7 of biotin per mg of cell nitrogen, while after 
aging at pH 4 in m phosphate for 30 minutes at 30° it contained 10“® 7 of 
biotin per mg of cell nitrogen, or about a 100-fold reduction 

It must be emphasized, as is alieady evident from some of the data 
piesented, that the degree of biotm deficiency obtained by the aging pro 
cess varies gieatly At times, although rarely, cells are obtamed which 
are completely unable to deaminate aspai tie acid in the absence of added 
biotin, while at other times, again laiely, cells may be obtained which are 
unable to deaminate aspai tic acid, eien upon the addition of biotin In 
geneial the aging technique when carefully conti oiled will result in cells 
that show some deficiency in a reaction involving biotin, and biotin stmiu 
lalion IS recorded 

Although the mechanism of the aging process is not Imown, we feel that 
it can occur both enzymatically and non-enzymatically, but in living cells 
the formei is pi obably the case The mechanism may be a destruction of 
an active coenzyme foim of biotin at pH 4 The following data are m 
support of this hypothesis Free biotin can be added at pH 4 and stimula 
tion of the deficient ce'ls occuis, suggesting that biotin can itself be con 
verted to the coenzyme form at this pH Biofin solutions ma}' be kept at 
pH 4 without loss m activity, while yeast extract, which can replace biotm 
m the stimulation of these enzymes, loses its activating effect after 4 to 12 
hours at pH 4 at ice box temperatures In cei tain instances yeast extract 
kept at pH 4 will not only lose its stimulatory effect but may show some 
mhibition These findings suggest that yeast extract may contain some 
of the coenzyme form of biotm which is non-enzymatically degraded to an 
inactive foim and in some cases to an inhibitory analogue While these 
data do not prove the existence of another active form of biotin, they are 
suggestive that a coenzyme form does exist It may be noted that so 
far all the vitamins xxhich have been shown to function as coenzymes exist 
m an active phosphoiylated form As to whether or not the aging or split" 
ting phenomenon is an enzymatic one, two other findings should be men 
tioned In our expei lence cells grown in the absence of yeast extract canno 
be made biotin-deficient by our technique, and, secondly, livmg cells can 
be aged at pH 4, while vacuum-dried preparations have so far given 
tixm lesults Both of these findings are suggestive of an enzymatic aoino 
process, since one may postulate that some factor m yeast extract is r® 
quired for the activity of the enzyme which cleaves the holoenzyme m 
the apoenzyme and coenzyme, and that this cleaxung enzyme is labi e ^ 
’'acuum diymg Certamly if the aging process was merely a matter 
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diffusion of a cofactor from the cell into the suspending menstruum, we 
would expect the piocess to occui as readily or more so m a vacuum-dried 
prepaiation of the same cells 

We have investigated to some degree the optimum conditions for agmg 
and to date can recommend the following as giving the best results m our 
hands groulh condtlioiis, tiyptone gives better results than peptone, the 
addition of foimate is advantageous, yeast extract is essential, aging con- 
ditions, a cell concentration of 1 mg of N per ml or less gives best results, 
phosphate at pH 4 is better than at pH 3 or 5 , 20° is better than 10° or 30° 

The data presented in this papei show that both biotin and adenylic 
acid are concerned with the activation of aspartate, serine, and threonine 
deammases Although the mechanism by which these substances stimulate 
IS not yet entirely clear, the results suggest that biotin exists m a coenzyme 
form and that adenylic acid is functioning either as a phosphorylatmg agent 
of biotm to an active coenzyme or that it combmes with biotin to form a 
coenzyme, possibly similar in structure to diphosphopyndine or tnphos- 
phopyridine nucleotide The studies reported here do not enable one to 
distmguish between these two or even more possibilities 

It IS relevant to add another point regardmg biotin and adenylic acid 
stunulation, namely, whether or not the coenzyme can be assayed On 
several occasions microbiological assays foi biotin were made on experi- 
mental tubes and it was found that biotin could be detected m all instances 
equal to the amount added plus the amount originally present m the cells 
In the case of adenylic acid stimulation no increase m biotin content was 
found This may be mterpreted as a suggestion that adenylic acid stim- 
ulation IS an indirect one, having nothing to do with the production of bi- 
otin However, when we consider that in the case of biotm activity no 
change in biotin content was found, it may be either that the amount of 
coenzyme formed is so small as not to be detected by our assay methods or 
that the active biotm coenzyme is not assayed by the method employed 

SURDIARY 

Biotm deficiency of several bacterial species was obtained by holding the 
cells at pH 4 in phosphate buffer at 20-30° for 30 to 60 mmutes Such cells 
show a markedly decreased ability to deaminate aspartate, serme, and 
threonine and this activity is restored by the addition of biotm or adenylic 
acid to washed cell suspensions Cells similaily treated show no difference 
m alanine, phenylalanme, methionine, and glutamic acid deaminase ac- 
tivity Expenmen ts aie presented in an attempt to clarify the role of 
biotm and adenylic acid m aspartate, serme, and threonme deaminases 
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ORIGIN AND DISTRIBUTION OF THE HYPERGLYCEMIC- 
GLYCOGENOLYTIC FACTOR OF THE PANCREAS* 

By EARL W SUTHERLAND ^.nd CHRISTIAN dh DUVEf 

{From the Deparlmeni of Biological Chemislry, Washington University School of 

Medicine, St Loins) 

(Received for publication, May 20, 1948) 

There aie many lefeiences in the eaily hteratme (foi a summary see 
Jensen (1)) to a transient hypeiglycemia which is pioduced m man and 
animals on intiavenous injection of various commercial insulin prepara- 
tions This hypeiglycemia sets in a few rmnutes aftei injection, reaches a 
mavimum m about 5 to 10 minutes, and is then ovei shadowed by the 
lapid fall of blood sugai to hj^ioglycemic levels Burgei and Brandt (2), 
in particular, carried out an extensive mvestigation m order to deteimine 
the nature of this hypeiglycemie factoi They weie unable to separate 
it from msulm by isoelectnc piecipitation, alcohol fiactionation, or ad- 
sorption and concluded that its chemical propeities must be very similar to 
those of msulm 

A sepal ation was, howevei, eftected by ciystallizmg insulin by the method 
of Abel et al (3) As shown by several authois (1), this mateiial did not 
cause an mitial hypeiglycemia, even on mjection into the poital vem 
It was then assumed that “impmities” were lesponsible for the hypei- 
glycemic action of othei msulm preparations and little attention was paid 
to this phenomenon With the advent of new methods of ciystallization, 
such as that of Scott and Fishei (4), it was appaienlly taken for gianted 
that they would also lead to a sepai ation of msulm fiom the hyperglycemic 
factoi That this is not the case was recently shown by de Duve, Heis, 
and Bouckaert (5) and confhmed by Olsen and Idem (6) These authois 
found that, with the exception of one msulm piepaiation,^ all others, 
including crystalline zmc msulm, caused an mitial h 3 T)eiglycemia on 
intiavenous injection m ammals 

Shipley and Humel (7) had demonstiated a glycogenolytic effect of 
msulm on livei slices tn vitro, but it was shown by Sutheiland and Coii (8) 
that this was not caused by insulin itself The Damsh msulm,* which 
failed to cause hypeiglycemia m ammals, was also ivithout effect on liver 

* This vork was supported by a Rockefeller Foundation postwar assistantship to 
E W S and by a research grant from Eli Lilly and Company 

t Fellov of the Rockefeller Foundation Present address, Department of Physio- 
logical Chemistry, University of Louvain, Belgium 

* Manufactured by the Novo Laboratories in Copenhagen 
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slices The glycogenolytic factor in other insulin preparations was shown 
to be non-dialyzable, resistant to alkali and cysteine (undei conditions 
Avhich inactivated insulin), and readily destroyed by proteolytic enzymes 
Its ability to stimulate glycogenolysis appeared to depend on an intact 
cell stiuctuie A separation of the glycogenolytic factor from insulin 
could be effected by a special method of ciystallization of the latter 
A study of the distribution and oiigin of this factor is reported m this 
paper Of all tissues investigated only the pancreas and paits of the 
gastiic and intestinal mucosae contained the factor The distiibution 
followed that of the islet tissue in that there was moie factor present m the 
tail than in the head of dog pancreas Large amounts of the factor were 
found in fetal calf panel eas and in sclerosed pancreatic tissue following 
duct ligation Finally, normal amounts of the glycogenolytic factor were 
present m the pancreas of rabbits made diabetic with alloxan ^ 

A quantitative method of assay of tissue extracts was based on the 
property of the factor to increase the glucose output of hvei slices Sup 
plementary observations were also made on the changes m blood sugar on 
mjection of tissue extracts into intact animals The former method has 
the advantage over the latter that the results are not obscured by the 
presence of msulm 


Methods 

Livei slices were prepared from well fed rabbits by the method previously 
reported (8) One slice was added to 1 2 cc of a chloride-phosphate buffer 
(made by mixing 80 cc of 0 9 per cent sodium chloride with 20 cc of 0 1 ^ 
potassium phosphate solution, pH 7 4) The slices weighed between o 
and 70 mg and had a sm'face area of about 1 sq cm Incubation was 
earned out aerobically m test-tubes, 2 5 X 15 cm , shaken m a Warbi^ 
bath at the rate of 110 oscillations pei minute The usual time of ^ 
tion was 45 minutes at 37° The incubation period was terminate f 
addition of barium hydroxide followed by zinc sulfate and the filtrate w^ 
analyzed for glucose At times glycogen disappearance was measuie 
Analytical methods have been previously reported (8) 

Since the glycogenolytic factor appears to follow insulin throug e 
step of its purification,* mcludmg, in some cases, repeated crystal 
it seemed reasonable to assume that methods which have been spe 
designed for the quantitative extraction and isolation of msu , 
pancreatic tissue would also be suitable for the extraction of t e 

2 Preliminary observations on the origin of the glycogenolytic factor 
reported (9) factor 

’ It IS for this reason that most commercial insulin preparations con 
and that ordinary fractionation procedures do not lead to a separation 
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genolytic factoi A method descnbed by Best, Haist, and Eidout (10) 
A\as used uith minoi modifications 

The tissues to be analyzed «eie taken fiom the living animal undei 
pentobaibital anesthesia, oi diiectly aftei death, and weie fiozen imme- 
diately The fiozen sample was w^eighed and then finely minced with 
scissois in 5 \olumes of 75 pei cent ethanol containing 0 18 n hydiochlonc 
acid Aftei e\ti action overnight in the cold, the lesidue was sepaiated by 
centufugation or passage thiough gauze, and reextracted foi 1 hour with 
2 5 volumes of acid alcohol The two extiacts w'-eie combined, adjusted 
to pH 7 5 with ammonium hydroxide, centiifuged or filteied, and the 
precipitate discarded O'he factoi (and insulin) was then precipitated by 
the addition of 1 7 volumes of absolute ethanol and 2 8 volumes of ethyl 
ether After standing overnight in the cold, the precipitate was sepaiated 
by centufugation and diied in vacuo The diied powdei was extracted 
wnth isotonic cldoi ide-phosphate buffei (1 cc per gm of original tissue), 
insoluble material w^as removed by high speed centufugation, and the clear 
extiact dialyzed against chloride-phosphate buffei befoie testing 

Adequacy of the method w'as established by good recovery of known 
amounts of factor w'hich had been added to inactive tissue That the 
factor was not formed fiom insulin itself in the course of the isolation 
proceduie was shown by addition of insulm preparations free of the factoi 
to inactive tissue 

Routine tests usually compiised two sets of ten slices, each prepared 
fiom the same piece of liver Six of these were used for the titiation of 
unknown samples Of the remaining four, two seried for the determina- 
tion of the basal glucose output, while two were incubated with an excess of 
glycogenolytic factor (0 05 mg of a stock insulin powdei) to deteimine the 
maximal glucose output It had pieviously been established that 0 02 mg 
of this reference msulin prepaiation gave maximal stimulation in this 
test system Although the glucose output of the slices vaiied fiom animal 
to animal, added factor nevei fai'ed to produce stimulation Frequently 
the glucose outiut of the contiol slices was approximately 7 mg pei gm 
per hour, while the output in the presence of an actne insulin piepaiation 
was 15 mg pergm pei hour It has also been showm that there is a giaded 
and leproducible lesponse to diffeient concentiations of the factor and this 
makes it possible to use the liver test system for quantitative assay of 
tissue extracts 

Most of the data are piesented in terms of per cent of maximal stimula- 
tion given by an extract fiom a stated amount of tissue accoiding to the 
foimula 


a: — c 

% ina\imal effect =* X ICO 

Cl — c 
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where x 13 the glucose output of the slice incubated with the unknoira, c 
the glucose output of the contiol slices (mean of two values), and Ci the 
glucose output of the slices mcubated with the reference insulin powder 
(mean of two values) 



Fiq 1 Glycogenolytic effect of extracts of normal adult pancreas and fetal pan 
creas on liver slices in per cent of maximal effect obtained by addition of “inaulin 



Fig 2 Glycogenolytic effect of extracts of gastric and intestinal mucosa of d 
on liver slices in per cent of maximal effect obtained by addition of ‘ insulin 

Results 

Distnhuiion in Tissues — ^Assays of panel eatic extracts from the d^6r 
species are shotvn in Fig 1 The extract of rabbit panel eas ivas 0 tam^ 
from eight pooled specimens, the beef extiact from slx pooled 
Two dog pancreases tvere extracted sepaiately, the results given 
an average of the results from the two extracts Fig 2 shows t a 
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siderable amounts of the factoi are also present in the upper three-fourths 
of the gastric mucosa of the dog The mucosa was separated from the 
muscular layers bef 01 e extraction An extract of about 200 mg of mucosa 
gave maximal activity in the test system, it was therefore roughly one-half 
as active as panel eatic tissue Small but detectable amounts were present 
m the duodenum and ileum Almost none of the factor was formd m the 
pjdoiic portion of the gastric mucosa An extract of rabbit stomach also 
stimulated glucose output fiom hvei slices However, extracts of the 
gastiic mucosa of othei species (hog, beef, sheep) did not cause mcreased 
glycogenolysis m Iivei slices 

Attempts to demonstrate the factor in exteinal secretions of the pan- 
creas, stomach, or m duodenal juice ueie unsuccessful A cannula was 
mtioduced into the major duct of dogs under pentobarbital anesthesia 
and the pancreatic secietion collected m tubes chilled on ice As a con- 
trol procedure “insulin” was added to one of the tubes An extract cor- 
responding to about 0 4 cc of pancreatic secretion was tested on liver 
slices with negative i esults The glycogenolytic factor in the added insulin 
was lecoveied satisfactorily This nas probably due to the fact that the 
pancieatic secietion (as shoivn by actual determinations) contamed large 
amounts of tiypsm inhibitoi and little, if any, active form of pioteolytic 
enzymes Gastric and duodenal juice was collected 40 mmutes after 
feedmg 50 gm of lean meat cooked with 50 cc of 0 1 m NajHPOi The 
gastric juice was pH 5 and the duodenal juice pH 7 Poitions of each were 
meubated ivith “msulm” foi 40 mmutes at 37° Samples weie extracted 
and tested m amounts lepresenting 0 1 to 1 8 cc of oiigmal sample A 
glycogenolytic effect could not be demonstiated m any of the samples 
Smee the added factoi was destioyed by both gastric and duodenal juice, 
the negative result is not decisive 

In several expel iments blood was collected fiom the pancreaticoduodenal 
vem, citrated, and chilled After centiifugation of the blood the plasma 
was draivn off, lyophilized, and subjected to the usual extraction procedme 
In othei expel iments a pancreas, aftei ligation of other blood vessels, was 
perfused thiough the pancieaticoduodenal artery with warm Ringer’s 
solution satuiated inth oxygen The same fluid was allowed to run several 
times thiough the panel eas The peifusates were concentiated ten times 
and the plasma twenty-five times by the extraction procedme WTiile 
apparently positive tests weie obtained m some cases, others were com- 
pletely negative So fai the glycogenolytic factoi has not been identified 
with ceitamty m these mateuals It was noted mcidentally that the factor 
added to blood w^as destioyed at an appieciable rate 

The glycogenolytic factor could not be demonstrated m other tissues 
Those exammed with negative results mcluded salivary glands, esophagus, 
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colon, trachea mucosa, gallbladder, liver, kidney, spleen, skeletal muscle, 
heait, lung, brain, blood cells, pituitary, thyioid, adrenal medulla, and 
adi enal coi te\ Xon-dialyzed evtiacts of skeletal muscle of several species 
contained a substance (piobably he\ose phosphate) from which reducing 
material was foimed duiing incubation with livei slices This effect 
disappeaied when the extiacts weie dialyzed befoie testing In the case of 
achenal extracts it was necessary to remove epmephrme by dialysis or by 

Table I 

Properlie’i of Glycogenohjlic Factor 

The (issue extracts were tested for their glyoogenoivtic effect on liver slices The 
results are expressed m per cent of maximal stimulation obtained by addition of 
“insulin” to control liver slices 


Tissue (dog) 

Amount 

extracted 

Additions or treatment 

Sumula 

tloa 

Pancreas 

mg 

200 

None 

ftr cial 

93 

(1 

100 

<< 

100 

<1 

200 

0 03 mg insulin 

87 

ll 

100 

0 03 “ “ 

IIS 

it 

400 

Dialysis 

84 

ii 

200 

(4 

IOd 

it 

100 

<4 

100 

it 

300 

Incubated, 0 003 mg chymotrypsin 

11 

it 

400 

“ 0 1 N KOH 36°, 3 hrs 

70 

it 

400 

Same + 0 05 mg insulin 

iOi 

Gastric mucosa 

700 

None 

104 

a it 

700 

0 05 mg insulin 

122 

104 

93 

19 

13 

76 

it it 

700 

Dialysis 


200 

44 

it it 

500 

Incubated, 0 005 mg chymotrypsin 

a it 

500 

“ 0 005 “ 

it a 

200 

“ 0 1 N KOII 3G“, 3 hrs 


treatment wuth alkali, because small amounts of epmephrme were foun ° 
stimulate glycogenoly SIS m liver slices 

Comparison of Glycogenolytic Factor in Tissue Extracts and m 
The factoi extiacted from pancreas or gastric mucosa erases the ® ® 
added “insulin,” i e , when maximal activity was obtained by addition o ^ 
tissue extiact, addition of the lefeience insulin powdei did 
fuither mciease m glycogenolysis The tissue factor like the ac 
“insulin” was non-dialyzable, was leadily destroyed by proteolytic enzy^ 
wms lesistant to incubation wnth alkali, and causecl 
mjection into ammals Table I summaiizes some examples o 
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expenmenta The pei cent maxunal effect was the same when glycogen 
disappeaiancc instead of glucose output ivas measmed 
Distnbulion m Normal Pancreas — ^The splemc poition oi tail of the dog 
panel eas is readily sepaiable from the middle poition, which is adheient 
to the duodenum The middle poition m turn is sepaiable from the head 
of the pancreas, which usually lies fi ee m the mesentery When these three 
paits weie exti acted sepaiately and assayed, maiked diffeiences m content 
of the factor iiere found (Fig 3) The tail contained at least 10 times as 
much activity as the head of the pancieas, while the middle portion con- 
tained intermediate amounts Histological prepaiations weie made from 
the same paits of the pancieas that were used foi extraction, these showed 
that there was much moie islet tissue m the tail than m the head This 
suggested that the factoi may oiiginate in islet tissue 



Fia 3 Glycogenolytic effect of extracts of different parts of the normal dog pan- 
creas on liver slices in per cent of maximal effect obtained by addition of “insulin ” 

Fetal Calf Pancreas — ^The fetal calf pancieas contains i datively small 
amounts of digestive enzymes, even durmg the latei fetal stages Histo- 
logically the ratio of islet tissue to acmai tissue is much higher in the fetus 
than in the adult, and pei umt of weight theie is much more insuhn m the 
fetal pancreas than m the adult pancreas The pancreases of six fetuses 
approximately 3 months of age were pooled and extracted As shown m 
Fig 1 these contained about 6 times as much factor per umt weight as the 
extracts of six pooled adult beef pancreases Pancreases of fetuses approxi- 
mately 5 and 7 months of age gave similar results 
Duct Ligahoji — ^The mcreased amount of factor in the fetal pancreas 
leinfoiced the idea that it was present mainly in the islet tissue For 
further evidence, the pancreatic ducts of several dogs were ligated m order 
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to cause degeneration of the acinar tissue The sclerosed glands ivere 
removed and exti acted 6 to 7 weeks after duct ligation Grossly the 
glands were small and hard, microscopically the acini had degenerated' 
Such glands contained increased amounts of the glycogenolytic factor per 
umt of weight Fig 4 shows the activity of sclerosed pancreas compared 
to the activity of normal dog pancreas 
Allozan-Diabehc Rabbits — In order to test the possibility that the glyco- 
genolytic factor was formed m the |3 cells of the islet tissue, use was made 
of the destructive effect of alloxan on these cells Rabbits were injected 
mtravenously ivith alloxan, ammals considered diabetic had hjqierglyceinia, 
glycosuria, lipemia, and m the cases measured had very low liver glycogen 



MGM TISSUE EXTRACTED 
Fig 4 Glycogenolytic effect of extracts of the tail of normal and ligated 
on liver slices in per cent of maximal effect obtained by addition of “insulin 

Pancreatic extracts prepared from these animals contained the gly<j° 
genolytic factor in. normal amounts, as may be seen from Fig 5 Tha 
treatment ivith alloxan had lesulted in the destruction of P cells is mdica 
by the absence of insulm m the pancieatic extracts (see below) , 

Animal Injection Experiments — A number of the extracts were mj 

It has been found that the method used for the extraction and 
the glycogenolytic factor yields an active preparation of trypsin inhibitor ^ 
inhibitor was measured by its ability to inhibit the digestion of azocasein y 
(11) Following duct ligation the trypsin inhibitor concentration per of 

sharply (while the concentration of the glycogenolytic factor rose) ^ ^jegenera 
trypsin inhibitor therefore confirms the histological data regarding than 

tion Other observations were that fetal calf pancreas contained less in ^ 
the adult pancreas and that the external secretion of the pancreas con out 

concentration of inhibitor Most of the assays of trypsin inhibitor were 
by Mr Robert Haynes 
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intravenously into labbits and the changes m blood sugar were followed 
This seived not only to chaiacteiize the material by demonstrating a 



I’m 5 Glycogenolyfic effect of pancreatic extracts from normal and alloxan- 
diabetic rabbits on liver slices m per cent of maximal effect obtained by addition of 
“insulin ’’ 



5'ro 6 Blood sugar changes follon ing intravenous injection of pancreatic extracts 
of normal and alloxan diabetic rabbits into normal rabbits Curves 1 resulted from 
the injection of an extract representing approximately 0 5 gm of pancreas. Curves 
2 from 1 5 gm of pancreas 

hyperglycemic response, but also gave a rough estimate of the msulm 
content of the extracts Fig 6 shows the results obtamed from mjection of 
extracts piepared from normal rabbit pancreases or from the pancreases 
of alloxan-diabetic rabbits The extracts from normal animals produced 
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an initial hyperglycemia which was soon followed by hypoglycemia These 
curves are typical of those seen when certam commeicial insulm prepara 
tions are m]ected mtravenously The extracts from the pancreases of 
alloxan-diabetic animals produced a prolonged hyperglycemia which was 



Fia 7 Blood sugar changes following intravenous injection of extracts of dog 
gastric mucosa into normal rabbits The upper curve corresponds to the injection 
of an extract from 6 gm of mucosa, the lower curve from 1 0 gm 



1 0 gm of pancreas 


not followed by hypoglyceima The mjection of these 
the action of the hypeiglycemic factor when it is unopposed y 
glyceimc action of insulm Extracts of gastric mucosa also ca ^ 
longed hyperglycemia without subsequent hypoglycemia (see t ^ 
Fig 8 shows the blood sugar curves after mjection of extrac s 
imddle portion (body) and the head of normal dog .glycemia 

from the middle portion produced the characteristic initi yP 
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followed by hypoglycemia, while extracts fiom the head pioduced hypo- 
glycemia without initial hypei glycemia This confirms the results obtained 
in the assay of these extracts on liver slices relative to the distribution of 
the hyperglycemic factor m different parts of the pancreas (see Fig 3) 

DISCUSSION 

Experiments designed to localize the site of formation of the h3iper- 
glycemic-glycogenolytic factor m the pancreas may be summanzed as 
follows The distribution m different parts of the normal dog pancieas, 
the high concentration m the fetal calf pancreas, and the presence of 
mcreased amounts m the sclerosed pancreas foUowmg duct ligation con- 
stitute strong evidence for production of the factoi by islet cells This is 
narrowed down further by the observation that the cells of the islet tissue 
can be destroyed by alloxan without causing a diminution of the factor 
in the pancreas 

One might therefore conclude that the a cells are the site of formation of 
the glycogenolytic factor However, the piesence of an appaiently 
identical factor m the upper two-thirds of the gastric mucosa of the dog 
laises the question of specificity, unless it were shown that the stomach 
mucosa contains cell types related to the a cells of the pancreas ' Similarly, 
one might be tempted to conclude that the glycogenolytic factoi is a new 
hormone of the pancreas, but this seems unwarranted m the absence of a 
clear cut demonstration that it is secreted mto the blood stream and 
participates m the regulation of the blood sugar level 

SUMMART 

1 A glycogenolytic factor apparently identical with that piesent m 
commercial insulin preparations was shown to be present m extracts of 
panel eatic tissue from several species It was also found m considerable 
amounts in the upper three-fourths of the gastric mucosa of the dog but 
not in pyloiic mucosa Small amounts were present m the duodenum and 
ileum The gastnc mucosa of other species (pig, sheep, cattle) contained 
none or only traces of the glycogenolytic factor The method of extraction 
and purification was similar to that used for msulm Quantitative assays 
were based on the property of the factor to mcrease glycogenolysis in liver 
slices 

'Tehver (12) reported that certain argentophil cells, which occur in small num- 
bers throughout the gastrointestinal tract, are particularly numerous m the fundus 
mucosa of the dog, while the pyloric mucosa is relatively free of them Other species 
including pig, sheep, and cattle show few of these cells in the gastric mucosa More- 
over, several investigators (13, 14) have concluded that certain pancreatic cells which 
stain with silver are identical with the a-cells The distribution of the glycogenolytic 
factor IS apparently closely related to the distribution of these argentophil cells. 
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2 It has not been possible to demonstrate this factor m any other tissue 
or in the external secretions of the digestive tract 

3 The glycogenolytic factor was unequally distiibuted in different parts 
of the dog pancreas and followed roughly the distribution of islet tissile 
The tail (or splenic portion) contamed the highest concentration, while the 
head contained very little This was shown by assay of extracts on liver 
slices and by injection into intact animals 

4 The factor was present m large amounts m the fetal calf pancreas 
The sclerosed pancreatic tissue following duct ligation contained an 
mcreased amount per unit weight 

5 Roughly normal amounts of the glycogenolytic factor were found in 
the panel eas of alloxan-diabetic rabbits Extracts from such pancreases 
produced prolonged hyperglycemia without subsequent hypoglycemia 
when injected intravenously mto normal rabbits 

6 The experiments suggest that the glycogenolytic factor of the pancreas 
ongmates m the a. cells of the islet tissue 

The authors are deeply mdebted to Di C F Con for his helpful advice 
and criticism throughout this work The techmeal assistance of Misa 
Dolores Barta is gratefully acknowledged 
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Measuiements of the electiophoretic mobilities of msulm reported by- 
Hall (1, 2) aie limited to legions higher than pH 7 and lowei than pH 4 5, 
since the piotem is practically insoluble in common buffer solutions of the 
intermediate pH lange While it has been possible to determme the elec- 
trophoretic mobility of adsorbed insulin and of suspensions of msulm 
crystals m the isoelectric range by the microscopic method (3), strict corn- 
par son of mobility data obtained under these two diffeient e\penmental 
conditions is not always permissible (4) Both sets of data, however, 
indicate that the isoelectnc point of msuhn hes withm the range of pH 4 9 
to 5 9 

Attempts have been made m the present study to increase the solubility 
of msulm m its isoelectric region sufficiently to afford determinations of the 
electrophoretic mobility m this range by the moving boundary method 
Of various ions of the lyotropic series that have been tested, thiocyanate 
was found to exert a marked peptizing effect The lower pH limit of solu- 
bility just sufficient for mobility measurements was approximately pH 5, 
the solubility increasing wth increasing pH In the presence of thiocy- 
anate, msuhn remained insoluble, however, at all pH regions below 5, 
including those m which it is soluble m the absence of this ion, i e pH 2 

The electrophoretic data repoited m this paper, together with the ob- 
served effect of thiocyanate on the solubihty of insulin, suggest an inter- 
action of this anion with certain basic groups of the piotem Considerable 
evidence has already been given for the binding by protems of fatty acid 
amons (5-8), amonic detergents (9-13), and even amons of common buffer 
salts (14-16) Although some of these combinations may occur with the 
non-polar residue of the anion (17—18), all of them will be reflected by meas- 
urable changes m electrophoretic mobihties 

KJCPEHIMENTAn 

Electrophoretic measurements were carried out at 1° mth the Tiselius 
electrophoresis apparatus equipped with the Thoex’-ert-Philpot-Svensson 
optical system (19) Only the mobilities of the descendmg boundanes were 

* Present address, Division of Biology, Clinton National Laboratories, Oak Ridge, 
Tennessee 
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consideied in this ivork The time intervals between the initial and final 
photograplis were generally 3 hours, and the potential gradients were witli 
in the range of 1 9 to 2 0 volts per cm 
The crystalline zmc insulm used in this woik was obtained through the 
courtesy of the Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis 

One senes of measurements was carried out in buffer solutions containing 
0 15 M NaCNS, the other in buffer solutions containing 0 15 ir NaCl 
Citrate, phosphate, and veional buffers were employed The citrate buf- 
feis were prepared by dissolving calculated quantities of citric acid and the 
desired amounts of NaCNS or NaCl, respectively, m 95 per cent of the 
final volume of solution This was titrated with NaOH to the desired pH 
with the aid of a Beclcman pH meter, and then diluted with water to the 
final volume The phosphate buffer s were pi epared by dissolving NaHTOj 
and NaaHPOi in the desired ratio, together with NaCNS or NaCl respec 
tively, in water and dilutmg to volume In a hke mannei, the veronal 
buffers were prepared from diethylbarbituric acid and its sodium salt The 
pH values of all buffer solutions were checked with the Beckman pH meter 
after their preparation 

The total lomc strength of all buffer solutions containing either 0 15 m 
N aCNS or 0 15 m NaCl was 0 18 =h 0 01 
The crystalhne zmc insulin was dissolved m 20 cc of buffei solution an 
allowed to dialyze against 500 cc of buffer for 24 hours at 4° The to 
piotem concentration never exceeded 0 2 per cent Because of the on 
protem concentration and high lomc strengths, the 6 and e boundanes re- 
sulting from electrophoresis were kept at a minimum 

Results and Inierpretakon 

Homogeneity of Ciystalhne Zinc Insulin in Buffer Solutions ^A. photo- 
graph of a typical electrophoretic experiment is shown in Fig 1 * °of 

practically S5anmetncal, boundary is evident, mdicatmg a high 
homogeneity The 5 boundary is negligible These characteristics 
been found in all expenments, legaidless of pH and buffer compositioa^^^ ^ 
Electrophoretic Mobility in Presence of Thiocyanate Fig 2 
plot of the electiophoietic mobihty of insulin in buffers containing i ^ ^ 
NaCNS veisus pH Because of the limited solubihty of 
buffer contammg 0 15 m NaCl, measuiements had to be confine ° 
above pH 6 8 and below pH 4 2 In buffers coutaming 0 15 m 
the piotem is soluble at pH 5 2 and higher but remains inso^b ® ^ ^ 

values lower than 5, mcludmg pH 2 at which pH it is read y so 

buffers of the NaCl senes nvaleat pH 

It is evident fiom companson of the two curves that, at eq 
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values, the anodic mobilities of the protein in the presence of 0 15 m NaCNS 
aie niailvedly inci eased over those obseived in the piesence of 0 15 jr NaCI 



Fig 1 Descending boundary of crystalline zinc insulin in phosphate buffer con- 
taining 0 15 M NaCNS, after 3 hours migration The total ionic strength was 0 18, 
the pH was 6 62, and the protein concentration was approximately 0 1 per cent The 
sharp peak at the left is the starting boundary 



Fig 2 A plot of the mobilities versus pH of insulin in buffers contaimng 0 15 m 
NaCNS (O) and in buffers containing 0 15 m NaCl (□) The curves connecting the 
points were drawn by visual inspection The region in which the protein is insoluble 
in the buffer solution contaimng NaCl is indicated by the broken line 

In the pH region 5 2 to 5 8, the region m which insuhn has been estimated 
to be isoelectric (1-3, 20), the protein, in the presence of 0 15 ii NaCNS, 
still retains an anodic mobility of 3 0 to 3 5 umts 
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It sefems apparent that the intei action between the insulin and thio- 
cyanate causes an increase m the net negative charge of the protein, mth 
the result that under the conditions of these experiments the protein re- 
mams negatively charged at all pH values at which it is soluble 
' Eshmatton of Extent of Binding of Thiocyanate — An attempt has been 
made to corielate the pH-mobihty curve of msuhn m the presence of thio- 



Equiv OH7Mote(45 000=M V/t ) 

Fio 3 Comrarison of the theoretical titration curve of 
analytical data (22) with the mobility data of insulin m buffer solu ions 
0 15 M NaCl and 0 15 m NaC’NS The large curve running ““‘Sonaj'y 
graph IS the theoretical titration curve, calculated by summation o ^gp,.g 5 ents 
curves of the individual lonizable ammo acids (shown at the thetitraW'' 

the mobilities of the insulin in buffers containing 0 IS M NaCi adjuste o ^ NaCNSi 
curve with an empirical factor, O, the mob lities of the insul n m 


adjusted w'lth the same empirical factor 

cyanate to the titration curve of the protein, and to ^ail 

extent of binding of thiocyanate ions Although titration a a 
able (c/ (21)), the insolubility of insulin in the isoelectric 
7, precludes the use of these data for the present purpose Ojeoretical 
data by Brand (22), however, can be employed to calcu a e a 
titration curve for insulin Using the data for the num ^gQgoand 
ammo acid residues in the ms aim molecule of molecular , gggur la 
the mean estimated pK values for the lonizable groups as ^j^ggretical 
protem, given by Cohn and Edsall (21), one been con 

titration curve such as that given m Fig 3 This 
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structed mth the considerations that (a) at the start of the titiation the 
protein has already bound its capacity of acid, and ( 6 ) the titration with 
base pioceeds until the ma.\imuiu base binding has been reached At the 
left of Fig 3, the titiation cui-ves for the individual lonizable amino acids 
m insulin aie showm, including 9 aigmme, 8 lysine, 30 tyrosine, 2 cysteine, 
15 histidine, 23 aspai tic, 5 glutamic, 21 terminal a-amino, and 21 tenmnal 
a-carboxyl lesidues per molecule It has been assumed that the 21 residues 
of cystine m the insulin molecule yield no fiee lomzable groups The large 
titration cuiwe m the center of Fig 3 is a plot of the total base bound, 
obtained by summation of the base bound by the individual ammo acids, 
at various pH values, over small increments of pH Comparison of this 
theoretical titration curve with the experimental titration curve ( 21 ) re- 
veals the two to be supenmposable from pH 2 to 12, exclusive of the re- 
gion pH 4 to 7 for which no titration data are available 

The usual empirical proceduie for comparing titration curves with pH- 
mobility curves consists m shifting the titration curve along the pH axis 
to the pomt at which 0 equivalent of acid or base bound comcides with 
isoelectric pomt (4, 23) Smce electrophoretic mobilities near the isoelectric 
pomt could not be determmed, recourse was had to an empirical conversion 
factor, which may be defined as the change m base equ valents bound corre- 
spondmg to 1 umt change in mobihty (1 X 10~® sq cm sec volt'O This 
conversion factor was determined by selecting two adjacent, experunen tally 
determmed mobility values for reference The difference m equivalents 
of base bound at the two pH values corresponding to the reference mobil- 
ities was divided by the difference m mobihty umts, and other pomts on the 
titration curve were compared to the mobihty curve with this factor by the 
following relations Let ui, uj, U 3 , etc , be the mobilities at pHi, pHj, pHa, 
etc , Cl, 62 , 63 , etc , are the corresponding equivalents of base bound The 
conversion factor, F, is then F — (ei— ei)/ini — uj) The complete titra- 
tion curve may then be calculated from this factor and the exTierimentally 
determmed mobilities For instance, ej — (uj — Ui) X F -}- Ci In the 
present mstance, the mobilities at pH 6 92 and 7 38 m 0 15 m NaCI and the 
corresponding equivalents of base bound were used as reference for the cal- 
culation of F ^ The equivalents of base bound, calculated from the mobil- 
ities of msulm m the presence of 0 15 m NaCl at pH 8 42, 3 70, and 3 18 
(cs, fii, 65 ), are indicated on the titration curve of Fig 3, together with the 
two reference pomts (ci and ^2 at, respectively, pH 6 92 and 7 38) by the 

^ The value of F calculated from the present experimental data is 5 15 Calcula- 
tion with the aid of the Henry theory (4, 23J. the corrections subsequently introduced 
by Abramson cl al (4) for the “average” radius of the ions in the ion atmosphere 
being omitted, yields a value of e/u = 3 53 The magnitude of the discrepancy be- 
tween these two values is comparable to that previously found fay Longsworth (23J for 
analogous calculations for egg albumin 
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squares It can be seen that the calculated pomts fit exceedmgly well on 
the theoretical titration curve 

The same factor was used for the calculation of equivalents of base bound 
from mobilities determmed m the piesence of 0 15 m NaCNS In thia 
manner the change m base equivalents bound correspondmg to the differ 
ence m mobihty of msulm m the presence of 0 15 M NaCNS and 0 15 u 
NaCl, respectively, was determmed It can be seen that the pomts ob 
tamed for msulm m the presence of 0 15 m NaCNS are displaced m the 
direction of greater base bindmg 

Fiom the titration curves of the individual ammo acid residues it can be 
deterimned that at pH 5 8 the number of positively and negatively charged 
groups IS equal This pH, at which the net charge is zeio, may be con 
sidered as the isoiomc pomt At the same pH, the equivalents of base 
bound by msulm in the presence of NaCNS exceed by 9 or 10 eqmvalents 
the amount of base boimd by msulm m the presence of 0 15 u NaCl 

One may speculate that the bmdmg of thiocyanate ions takes place 
through an electrostatic Imkage with the strongly basic guamdmo group= 
of the 9 argmme residues or with the e-ammo gioups of the 8 lysme residue 
m the msulm molecule This is suggested by the convergence of the mo 
ity curves above pH 8 and by the effect of thiocyanate on the solubihtyo 
msulm m the acid pH region It is of mterest to note that the number 
aniomc detergent molecules bound by serum albumm m the first comp 
(11, 12) likewise comcides with the number of argmme residues m thispr^ 
tern More direct evidence than that presented here must be forthconuno 
to prove this hypothesis 

The author wishes to record his appreciation to Dr Hans Neuratb ^ 
Dr George W Schwert for their helpful advice throughout this stu y 
This work has been supported by grants from the Eockefeller Foun a i 
from Eh Lilly and Company, and fiom the Umted States Pub ° 
Service, National Institute of Health, Division of Research ran 
Fellowships 


SUMMART 

The electrophoretic mobihty of crystaUme jnnc msulm m 
tammg 0 15 m NaCNS and 015 m NaCl, respectively, has been 
In the presence of thiocyanate, the solubihty of msulm 
mcreased to afford mobihty measurements with the moving 
method withm the isoelectiic range The mcreased increase 

ity over that observed m the presence of NaCl correspon 
m net negative change, suggestmg association of thiocyana e 
groups of the protem 
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Comparison of mobility data wth a theoretical titration curve of insuhn 
calculated from summation of the base-bindmg capacities of the constituent 
ammo acid residues reveals that at the isoiomc pomt of the protem a net 
negative charge of approximately 9 or 10 is retamed m buffers conta inin g 
0 15 M NaCNS 
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THE SYNTHESIS OF AMINO ANALOGUES OF INOSITOL 
(INOSAMINES)- 

Bt HERBERT E CARTER. R K CLARK, Jh , BETTY LYTLE, t and 

G E McCASLANDJ 

(Fr07n the Division of Biochemistry, Noyes Laboratory of Chemistry, University of 

Illinois, Urbana) 

(Received for publication. May 17, 1948) 

In the course of work on the structure and configuration of streptamine 
(meso-l,3-diarmno-2,4,5,6-tetrahydroxycyclohexane) it seemed of mterest 
to investigate the properties of the corresponding monoammo compounds 
(2,3,4,5,6-pentahydro\ycyclohe':ylamines) We wish to propose the 
generic name mosaimne for these ammo analogues of inositol, smce they 
are related to the inososes m the same way that glucamme is related to 
glucose 

As one approach to the synthesis of inosamines, we have investigated 
the reduction of the phenylhydrazone (1, 2) and the oxime (2) of scylU)- 
mosose and the phenylhydrazone (3) of df-ept-inosose Each of these 
substances was hydrogenated readily at high pressures with Raney's 
nickel as the catalyst, and the mam product in each case consisted of an 
inosamine 

The mosammes can exist theoretically m eight meso and twelve dl forms 
However, the configuiation of the five hydroxyl groups m each of the above 
inosose derivatives is fixed and Imown Thus, unless unexpected C — 0 
bond inversions occur during the hydiogenation, scyllo-mosose phenylhy- 
drazone (I) or oxime (II) should give rise to not more than two mosammes 
(III, IV), each of which should have a meso configuration, and dl-ept- 
inosose phenylhydrazone (V) should yield a maximum of two racemic 
forms (VI, VII) 

Experimentally, the mosamine from scyllo-mososQ was obtamed m two 
epimeric forms, each of which has been isolated m a pure state Smce 
the configuration of each epimei remains uncertam at the 0 — N bond, we 
have temporarily adopted the purely arbitrary names' tnosamine-SA and 

* The authors wish to thank the Abbott Laboratories, Eli Lilly and Company, 
Parke, Davis and Company and The Upjohn Company for a generous grant in sup- 
port of this work Part of the material in this paper was taken from the thesis sub- 
mitted by R K Clark, Jr , to the Graduate College of the University of Dlinois in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy in 
Chemistry 

t Present address Davenport, Iowa 

t Postdoctorate Research Assistant in Chemistry 

1 The use of such names as “scj/llo-inosamine’* or “epi mosarmne” is undesirable 
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inosamine-SB for these compounds Of the two possible dZ-inosammes 
from dZ-epz-mosose, only one has thus far been obtamed, and it is designated 
dl-tnosaimne-EA 



(I) scyiio-Inosose phenylhydrazone (III) (jneso) 



(II) scyZto-Inoaose oxime (IV) {mao) 



(vn) {dl) 


The fact that both the o\ime and phenylhydrazone of scyWo-mosose 
the same two mosammes on reduction mdicates that no isomenz 
occurs m the preparation of the o\ime despite the highly alkaline con 
tions employed (2) 


Separation of Epimenc Inosamines 
The hydrogenation product of seyllo-mosose phenylhydrazone 
is a mixture of mosanune-SA and inosamme-SB Kepeated 
tion of this mixture from water yields pure mosamine-S A This co 

because only one of each pair of epimers has the “scyllo" or “eyi lO 

respectively, and it is not known which one (See the comments on nom 
our previous paper (2) ) 
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Re the other inosammes, cannot be characteiized by naelting point, but 
its puiity can be lecognized by the attainment of constant solubihty on 
repeated recrystallization 

In order to obtam inosamme-SB, the mixed epimers were converted to 
the mixed hexaacetyl derivatives The latter wei e very difficult to separate 
However, methanohc ammoma readily convei ts the hexaacetylmosammes 
to N-acetyhnosamines Veiy foitunately, while inosamine-SB is more 
soluble m watei, its N-acetyl deiivative is less soluble m ammomacal or 
aqueous methanol, with respect to mosamme-SA The reversal of solu- 
bihties affoids a convenient basis for obtammg either epimer m a pure 
state 

The stereochemistry of the mosammes is being studied furthei 

EXPERIMENTAL 

Compounds Denved from scyllo-Inosose 

Inosaimne-SA fiom Phenylhydi azone — 36 gm portion of scyllo-mosose 
phenylhydrazone (1, 2) was hydrogenated m methanol at 100 to 150 
atmospheres and 130° with Raney’s nickel catalyst The hydrogen uptake 
reached the theoretical in a few hours The mixture was filtered The 
methanohc filtrate on vacuum distillation gave anilme but no mosamine 
The precipitate was repeatedly extracted with boilmg water (total 600 to 
700 ml ) until only catalyst remamed Vacuum distillation of the extract 
yielded 10 1 gm of sohd residue Recrystallization from boihng water 
(norit) gave colorless crystals Recrystallization was repeated imtil the 
water solubility reached a constant value of about 0 7 gm at 25° and 5 0 
gm at 100° per 100 ml of solvent 4 1 gm of pure mosamme-SA were 
thus obtained The compound crystalhzes as colorless prisms which 
decompose* gradually above 240° The crystals give an alkahne solution 
m water and are very soluble m dilute hydrochloric acid 

The mother hquors were reserved for preparation of N-acetylmosamme- 
SB The early mother liquors which are saturated with respect to 
mosamme-SB as well as SA (maximum enrichment m inosamme-SB) are 
particulaily suitable for this purpose 

Attempts to reduce scyllo-mosose phenylhydrazone to mosamme by the 
method used by Feofilaktov (4) for phenylhydrazones of a-keto acids 
pioved unsuccessful 

Inosamiiie-SA from the Oxime— A 23 gm portion of freshly prepared, 
dry scyllo-mosose oxime (2) vas dissohed m 150 ml of concentrated 
aqueous ammonia,* and immediately hydrogenated at 100 to 150 atmos- 

’ All melting points were determined on the KoBer micro block 

* Aqueous ammonia was used to repress secondary amine formation In an earlier 
hydrogenation, with distilled water as solvent, a small amount of secondary amine 
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pheres and room temperature unth Raney’s nickel catalyst The uptake 
of hydrogen was complete m about 2 hours 
After hltration, the precipitate i\as extracted \nth 800 to 1200 ml of 
boiling water The combined filtrates on vacuum distillation to dryness 
(foaming neai the end, use a laige flask) yielded 19 3 gm of solid residue 
Recrystallization of this residue from water gave 6 3 gm of nearly 
colorless crystals These were recrystalhzed from a minimum amount 
(120 ml ) of water (norit); yieldmg 4 5 gm of colorless prisms of pure 
inosamine-SA 

The mother liquor from the first recrystallization was treated with 
norit and concentrated to 50 to 60 ml On cooling, 3 7 gm of a hght tan 
powder (naixture of inosamme-SA and SB) were obtained The filtrate 
from this material on evapoiation gave a tarry substance, which has not 
been further investigated 

In an earlier experiment, 6 0 gm of oxime were hydrogenated m 150 
ml of solvent, and extraction of the catalyst wnth boiling water was omitted 
The crude mixed inosamines obtained w eighed 3 9 gm , and gave the fol 
•wing analysis 


CjHuOiN (179 17) 


Calculated N 7 82 

I uund “ 7 39 (Kjeldahl), 7 82 (Van Slyke) 


Mixture of Hexaacetyhnosamine-SA and SB — Direct acetylation of 
gm of crude mixed inosamines (from the phenylhydrazone) with acetic 
anhydnde-sodium acetate gave after reci ystallization 1 1 gm of colorless 
needles, with a melting range of 235-247°, unchanged by repeated re- 
crystalhzations 


CisHjoOuN (431 39) Calculated C 50 11 II 5 84, N 3 25 

Found “ 50 07, “ 5 74, “ 3 23 (Dumas) 

“ 3 54 (Kjeldahl) 

Saponification equivalent (0 Acetyl) Calculated, 86 3, found, 86 0, 86 6 

Similar acetylation of 2 1 gm of crude mixed inosamines from the 
gave 2 7 gm of colorless needles of melting lange 238-252°, unchanof 
repeated crystallizations fiom ethanol or dilute acetic acid 

CuHasOiiN (431 39) Calculated C 50 11 H 5 84, N 3 25 

Found >• 50 05,“ 5 99. i‘ 3 14 

Hexaacelylinosamine-SA — A m xture of 1 4 gm of pure inosamm^ 

28 ml of acetic anhydi ide, and 0 2 gm of fused s odium acetate i 

was formed Treatment of the latter with excess acetic anhydride j^ceO I 

colorless needles m p 285=’ which is apparently the (not quite , ^49 53. 

derivative CjJluOjiN (803 71 ) calculated, C 50 80, H 5 64, N 1 74. to . 

H 5 68, N 1 2 (Dumas), N 1 78 (Kjeldahl) 
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flu\ed for 1 hour, and then vacuum-distilled to dryness The residue was 
washed repeatedly with water and dried at 100° vacao over phosphorus 
pentoAide The colorless needles (3 4 gm ) obtained melted sharply at 
259-260°, after resohdification the sample melted at 256-260° 

A 1 gm sample nas recrystallized from 50 ml of absolute ethanol 
After drying the crystals as above, 0 8 gm of colorless needles, m p 26{}- 
261°, was obtained (At 245-247° the substance undergoes a change m 
crystal form, without appreciable liquefaction ) 

Reacetylation of puiified N-acetylmosamine-SA, by the above proceduie, 
gave a product with identical pioperties, fuither indicating the homogeneity 
of the hevaacetyl derivative 

N-Acetyhnosamine-SA — 0 5 gra of pure he\aacetylmosamme-SA was 
added to 20 ml of absolute methanolic ammonia (saturated at 25°) A 
clear solution was obtained after 2 minutes stirring After 24 hours, the 
solution was decanted from the crystals (125 mg ) which had separated, 
and vacuum-distilled to diyness The combined solid residues were 
washed with methanol, leaving 215 mg of colorless irregular crystals 
which melted with decomposition at 242-248° (rapid heating) 

A sample recrystallized from 80 per cent methanol melted with decom- 
position at 246-248° (rapid heating) 

C,H,iOsN (221 21) Calculated C 43 43 H 6 84. N 6 33 

Found “ 43 33, “ 6 79, “ 6 42 

Inosamme-SA Hydrochloride — Pure he\aacetylinosamine-SA (3 0 gm ) 
was reflu\ed with 40 mi of 6 N hydrochloric acid foi 2 hours The clear 
solution was vacuum-distilled to diyness The residue (1 5 gm) was 
recrystallized from 20 ml of water-ethanol-acetone (1 2 1), giving 13 
gm of the monohydrate as colorless needles melting at 235-237° (change 
in crystal form at 192°) The monohydrate is stable when vacuum-dried 
at 80° 

CjHhNO.CI HjO (233 66) Calculated C 30 83 H 6 90, N 6 00 

Found “ 30 99, “ 7 10, “ 6 01 

N -AcelylinosamincSB — A 6 0 gm portion of mixed epimeric inosamines 
from the phenylhydrazone (maviraum enriclunent in inosamine-SB) was 
acetylated by the above procedure The crude, dry hexaacetj 1 derivative 
(9 0 gm) was dissolved in 200 ml of absolute methanolic ammonia 
After 24 hours the colorless leaflets w'hich had separated were collected 
and washed wnth methanol The ciystals (2 2 gm ) were pure N-acetyl- 
inosamme-SB, melting at 289-291° with decomposition 
The filtrate yielded 2 4 gm of a discolored powder, mainly the SA 
epimer, w'hich decomposed at about 240° 

A similar nuxture of epimeric mosarmnes from the oxime (3 7 gm ) on 
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acetylation yielded 8 1 gm of crude hexaacetyl derivative A 1 7 gm 
portion of the hexaacetyl derivative was treated with 70 ml of absolute 
methanohc ammonia The reaction pioduct (0 70 gm ) was recrystalhzed 
from aqueous methanol, givmg 0 44 gm of colorless leaflets, melting sharply 
with decomposition at 286-288° 

Attempts to obtam fmther pure pioduct (mosamine-SA or SB) from the 
mother hquors were unsuccessful 

CsHuOoN (221 21): Calculated C 43 44, H 6 84, N 6 33 
Pound “ 43 36, “ 6 46, “ 6 43 
“ 43 28, “ 6 55 

The product is very soluble m watei, insoluble m methanol, and shghtly 
soluble m aqueous or ammoniacal methanol 
Hexaacetyli7iosamine-SB — A. 200 mg portion of pure N-acetyhnosamine- 
SB was lefluxed with 4 0 ml of acetic anhydride and 10 mg of fused 
sodium acetate for 1 hour On coohng, colorless blades (223 mg ) crystal 
hzed from the solution These were collected, washed with water, and 
dried at 100° xn vacuo 

j On heatmg, the clear, coloiless blades became opaque at about 200°, 
and smaller needles gradually replaced them, apparently by subhmation 
At 284 the needles changed to more massive crystals, and at 290-301° 
these melted completely This complex meltmg behavior, perhaps repre- 
sentmg changes to dimorphic foims, was quite reproducible and un 
changed by further purification 

CisHjjOiiN (431 39) Calculated C 50 11 , H 5 84, N 3 25 
Found » 50 10, “ 5 76, " 3 15 

Inosamxne-SB Hydi ochlonde — ^A 1 2 gm portion of pure N-acetyhnos 
amme-SB was refluxed with 20 ml of 6 n hydrochloric acid for 2 5 hours 
The residue (1 2 gm ) obtained on vacuum distdlation was lecrystaUized 
from 30 ml of water-ethanol-acetone (1 1 1), givmg 0 8 gm of colorless, 
irregular crystals, which decomposed gradually above 260° 

CsHnNOsCI (215 64) Calculated, N 6 49, found, N 6 27 

Compounds Derived from dl-epi-Inosose 
dl-epi-Inosose P henylhydrazone — dZ-epz-Inosose was prepared by the oxida 
tion of mositol with concentrated mtric acid essentially according ^ ® 
directions of Posternak (3) In larger scale oxidations, it is essential that 
the residual nitric acid be removed rapidly, either by evaporation m ® 
shallow dish or by use of reduced pressure Although the mosose 
crystalhzed from watei, a moie effective purification is obtamed via 
phenylhydrazone Three 80 gm runs of mositol gave 54 gm 
oxidation product which ynelded 56 gm of dl-epi-mosose phenylhydram 
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(3), decomposition range 185-195°* This material was converted to 
dl-ept-inosose The purified mosose was finally recrystalhzed from hot 
water, givmg 23 5 gm (10 pei cent based on inositol) of colorless crystals 
The pentaacetate piepared from this material melted at 106-108° m 
agreement with the reported value for this compoimd (3) 
dl-Inosaimne-EA — A. 10 gm portion of dZ-epi-mosose phenylhydrazone 
was hydrogenated under the same conditions used for the sci/ZZo-phenylhy- 
drazone The hydrogen uptake i cached theoretical in 3 hours After 
removal of the catalyst by filtration, the methanolic filtrate was vacuum- 
distilled The residue of inosamme and amhne was washed with benzene, 
giving a granular sohd This material could not be recrystalhzed and 
was converted directly to the hexaacetyl derivative 
dl-Hexaacelylinosamme-EA — The above product was refluxed with 140 
ml of acetic anhydnde and 1 8 gm of fused sodium acetate for 1 hour 
The clear red solution was vacuum-distilled to dryness The lesidue was 
extracted vnth chloroform, and the evaporated chloroform extract was 
recrystalhzed from 75 ml of ethanol, givmg 7 0 gm of colorless flat needles 
(44 per cent yield based on the phenylhydrazone) The crystals melted 
on the micro block at 160-162°, partially resohdified, and melted agam at 
184-186°, then agam at 192-194° (In the capillary only the last meltmg 
pomt IS observed ) Very little, if any, loss in weight accompanies these 
changes, and the various meltmg pomts may represent polymorphic forms 

CiaHjsOiiN (431 39) Calculated C 50 11, H 5 84, N 3 24 

Found “ 49 84, “ 5 47, “ 3 38 (Dumas) 

“ 3 34 (Kjeldahl) 

Reacetylation of purified dZ-N-acetyhnosamme-BA gave a hexaacetyl 
derivative of unchanged melting behavior 
dl-N-Acetyhnosarmne-EA—Aiamonolysis by the procedure described 
above, followed by concentration and chillmg of the methanohc solution, 
gave a 64 per cent yield of thick colorless needles, meltmg sharply at 205- 
206° with decomposition A sample recrystallized from methanol-benzene 
for analysis showed no change m meltmg pomt 

CsHisOiN (221 21) Calculated C 43 44, H 6 84, N 6 33 
Found “ 43 44, « 6 72, *' 6 21 

dl-Inosamme-EA Hydrochloride— 1 gm of the hexaacetyl denvative 
was refluxed with 25 ml of 6 N hydrochloric acid for 30 mmutes The 

* From the mother liquors an oaazone (decomposition point 182-184°) was isolated 
by chromatography as previously described (2) for the scyllo compound The osa- 
zone gave correct analyses and an ultraviolet absorption spectrum \ery similar to 
that of the scyllo compound (df-epi-Inosose could theoreticallj jield two different 
racemic osazones ) 
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residue aftei vacuum distillation was dissolved in boiling methanol, and 
the filtered solution concentrated to one-tenth volume (The product 
can also be leciystallized fiom 90 pei cent aqueous methanol by adding 
acetone ) The pioduct (0 4 gm , 80 per cent) separated as colorless crystals 
meltmg at 234-236° with decomposition 

CeHnOsNCl (215 64) Calculated C 33 41, H 6 54, N 6 49 
Found “ 33 54, “ 6 20, “ 6 49 

The authors wish to acknowledge the assistance of Miss Haniet Neville 
and Dr Robert Pogrund in the Van Slyke and Kjeldahl analyses The 
lemaming analyses were performed by the Clark Microanalytical Labora 
tones, Urbana 


SUMIIARY 

1 Three diasteieoisomeric inosamines (monoamino analogues of inositol) 
have been synthesized and characterized as hexaacetyl and N-acetyl 
derivatives and as hydrochlorides 

5 2 Reduction of scyffo-inosose phenylhydrazone or oume yields the 
expected two (meso) mosamines, epimeric at the ammo group Each 
epimer can be obtained in a pure state by taking advantage of the reveisea 
solubilities of the free inosamines and their N-acetyl derivatives 
3 dl-epi-lnososQ phenylhydiazone has thus far yielded only one of t e 
two expected epimeric (dl) inosamines 
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The announcement of the discovery of element 95 was made m 1946 by 
Seaborg and his associates (1) Like neptunium (element 93), plutonium 
(element 94), and curium (element 96) this new element, americium, is 
radioactive and has not been observed m nature m appreciable amounts 
Durmg the war an extensive study was made of the metabolic propeities 
of plutonium (2) and seveial othei heavy elements, notably thoiium, 
protoactinium (3), uranium,* ^ and neptunium (3) Similar studies were 
also made with a large number of the radioactive elements which aiise 
fiom fission (4) This work was done at the laboratories of the Manhattan 
Project, located m different parts of the country Particular attention was 
directed towards a very detailed mvestigation of the metabolism of plu- 
tonium m rats and other laboratory animals These studies, mitiated at 
tte University of Calif oinia at Berkeley, were also carried out at the Un'- 
versity of Chicago, Oak Ridge, and Los Alamos 
The outstandmg characteristic of the metabolism of plutonium is the 
high degree of localization and piolonged retention of this element m the 
skeleton folloivmg parenteral admmistration Unlike calcium, strontium, 
barium, and radium, which are deposited primarily m the mineral structure 
of the skeleton, plutonium may be laid down in the uncalcified osteo d 
matrix of the bone (5) At the present time, it cannot be definitelystated 
whether or not all of the plutonium so accumulated is m the organic com- 
ponents of the osteoid matrix A significant fraction of plutonium may 
be laid doivn on the adjacent suifaces of the mmeral structure of the bone 
If this IS so, the amount of penetiation m the normal adult rat has been 
demonstrated by the radioautographic techniques to be less than 25 p 
The accumulation of plutonium m the other tissues of the body follon mg 
parenteral admmistration is quite small compared to the deposition m the 

* This work was performed under contract No W-7405 eng 4S A of the Uniiersity 
of CftJiforma under the United States Atomic Energy Commission 
* Tannenbaum, A , Silverstone, H , and Ko-oil, J , unpublished data 
’Dowdy, A H , unpublished data 
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skeleton, and, moreovei, its elimination fiom the soft tissues is lelatively 
rapid ^mpared to its extraordmary high degree of retention by the skele- 
ton Plutomum IS not absoibed to any appreciable extent fiom the diges 
tive tract In view of these mteresting and obviously dangerous metabolic 
chmacteiistics of plutonium it was felt that a study of the behavioi m the 
body of its lecently discoveied and immediate chemical neighbor, amen 
cium, might piove to be of mterest 

Procedures 

The isotope of ameiicium employed, Am=«, has a half life of 500 jeais 
an emits a-pai tides to foim Np*^ which m turn decays by a-particle 
emission, ivith a half life of 2 25 million years, to produce Pa“^ The 
presence of Np-^ was of no practical concern m the experunents to be 
escribed, smce its half life is more than 4000 tunes longer than that of the 
americium isotope employed, and thus the existence of the neptunium and 
its radioactive descendents was not detectable by the procedures employed 
m these studies 

Americium, made available to us by Professor G T Seaborg and his 
associates, was obtamed as a solution of AmClj with 15 y of amencium in 
1 cc of 1 N hydrochloric acid This origmal solution was diluted with 
normal sahne and carefully brought to pH 5 by the addition of dilute 
sodium hydroxide Any further neutralization would have resulted m the 
precipitation of the highly msoluble americium hydroxide The find 
solution contamed 0 3 7 of americium per cc , with a radioactivity of 1 
imcrocurie per cc 

Ammal Studies 1 cc of the above solution was adnumstered by m 
tiamuscular mjection mto the left bin d leg of each of fifteen adult white 
rats and the same amount was given by stomach tube to three more am 
mals In addition, two rats received 5 7 each, by mtramuscular injection, 
for the purpose of preparmg radioautographs to study the distribution 
of this element m bone The fifteen animals that received the 0 3 o' hf 
mtramuscular mjection were divided mto groups of three and were placed m 
metabolism cages, which made it possible to collect specimens of both the 
urme and feces daily The five groups of rats were sacrificed at 1, 4, Ih) 

64, and 256 days The three rats which were given americium by stomac 
tube were placed m one metabolism cage and daily collections of urine an 
feces were made The lats were sacrificed after an mterval of 16 days y 
means of chloroform and the thorax was immediately opened to permit o 
withdrawal of from 1 to 5 cc of blood from the heart The left leg, 
was the site of the mjection, was removed at the pelvic gudle for separa e 
assay The lemamder of the animal was skmned, and the foUoivmg organs 
and tissues were removed and weighed for separate assay hver, kidney, 
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spleen, heaifc, lungs, muscle, bones of the light leg, and the gastromtestinal 
tract These tissues, and in addition the left hind leg, evcieta, skm, and 
remaming carcass, were dried for 2 days at 100° and then ashed at from 
500-600° for 24 houis Pieliminary tests demonstiated that no measui- 
able amount of the amencium was lost by volatilization at the temperatme 
employed foi ashing the tissues The caicass, which was dried and ashed 
m one piece, was caiefully sifted through a fine mesh screen, and the skele- 
ton was thus separated almost completely fiom the ash of the othei re- 
mammg tissues of tlie caicass, which were chiefly muscle, blood, and fat 
The rats for ladioautogiaphic study of the bone were sacrificed at 16 days 

Method of Assay of Americium tn Materials of Biological Origin — ^The 
detection and quantitative measuiement of a-pai tides are relatively simple 
With appropriate equipment Howevei, owmg to the veiy shoit range 
of this type of ladiation, it is not possible m most instances sunply to 
place samples of biological materials m the coimtmg device and obtam 
an accurate determmation of the number of dismtegrations takmg place 
The sample must be spread out m a thm and even film whose mass does not 
exceed 2 to 3 mg per sq cm If this piecaution is not observed, a fraction 
of the emitted «-particles will not be able to enter the detection chamber 
Most of the tissues and organs, even after ashmg, contam far too much 
material to make this possible This problem may be met by separatmg 
the radioactive matenal, m this case americium, from the bulk of the ash 
of the samples Since the total dose of ameiicium given was only 0 3 y, 
it was necessary to add to the samples a small amount of a non-radioactive 
element with similar chemical pioperties to act as a cairier for the tmy 
traces of amencium present The chemical properties of lanthanum and 
amencium are very much alike m many respects In these particular 
experiments, the ashed tissues were dissolved m dilute nitric acid, 2 mg of 
lanthanum nitrate were added, and this was followed by the addition of 
hydrofluoiic acid The amencium was carried down quantitatively by the 
msoluble lanthanum fluoride precipitate Thus, the amencium could be 
quantitatively separated fiom several gm of tissue The lanthanum 
fluoride precipitate was then spread out m a thm film on the countmg 
dishes and the amencium a-pai tides measured 

The specific details of this piocedure are as follows (1) The tissue 
ash was dissolved m 2 N HNO3 ivith a concentration of 20 mg of tissue 
ash per cc of acid solution (2) 2 mg of LafiSTOsls were stirred mto the 
ash solution used for any particular assay,’ this langed from 1 toScc 

’ Because of the presence of a emitting contaminants in some of the c p La(NOj)j 
available, the latter must be checked for a emitters by running blanks on each 
batch received The radioactive contamination present is believed to be actinium, 
whose chemical properties resemble closely those of lanthanum as well as amencium. 
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of ash solution (3) The solution m step (2) was made 2 5 n m hydroflu 
one acid by the addition of an adequate amount of 8 m HF (4) The pre- 
cipitate formed was separated by centrifugation and the supernatant fluid 
w^ discarded (5) The precipitate was mounted on a gold dish by redis- 
solving it m S M HNO3, tiansferrmg the solution to the dish, and adding 
m excess of HF to reprecipitate the lanthanum, which resulted in a thin 
Upon diying on a hot-plate at a temperature low enough to preveut 
spattermg (6) The sample was assayed for americium by determimng 
the a-pai tides eimtted by the use of a parallel plate a counter (7) The 
mass upon the dish was determmed by eighmg A correction for self 
absorption was made 

Radioautographtc Methods — ^For the purpose of securing bone radioauto 
graphs, thm histological sections, which ranged fiom 5 to 8 in thicknea, 
were prepared from the undecalcified femur by the techniques de\el 
oped by McLean and Bloom (6) and by Axehod (7) The relatnely 
large dose of americium employed was necessary m order to secure enough 
activity m the sections to obtam satisfactory radioautographs It is 
believed to be obligatory to avoid decalcification procedures in the prep 
aration of the section for takmg the radioautographs so that the posa 
bility of either leachmg or migration of the deposited material will be 
avoided 


Results 

The results obtamed from assaymg the content of amencium in the 
different organs and tissues are expressed as the per cent per organ and per 
gm of wet weight The left hmd leg, which was the site of injectioUi 
was assayed as a umt The carcass ash, after separation of the skeleton bj 
the siftmg procedure mentioned earlier, was assayed as well as the skeleton 
itself The urme and feces from each group of three ammals were hhemse 
ashed and assayed and the values obtamed divided by 3, which thus ga^re 
the average value of excreta for each of the three annuals The total 
content of americium m all of these organs, tissues, and excreta was oh 
tamed by addmg up the mdividual values and this was compared against 
the amount given This computation, of course, is a quantitative indica 
tion of the recovery of the admmistered amencium and represents n 
fraction of amencium given which could be determmed quantitatively 3 
the analytical procedures employed m these studies The results 
fairly satisfactory, because the average recovery value observed m ® 
senes of eighteen rats was 87 per cent and the vanations m the differen 
groups ranged from 75 to 100 per cent 
The average measured content of amencium m different organs, 
and the excreta for the mtramuscular experiments is shown m ^ 
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The amount m the skeleton was obtamed by addmg twice the measured 
amencium content of the bones of the right hmd leg to the value secured 
from the assay of the majoi poition of the skeleton that was separated from 
the carcass ash This was done in ordei to correct for the americium con- 
tent of the bone of the injected left hmd leg, which was not mcluded m the 
lest of the skeleton The necessity foi domg this aiose fiom the fact that 
from 2 to 40 per cent of the mjected amencium was retained at the site of 
admmistration Presumably this was due to the precipitation and adsorp- 

Table I 


Observed Dislnbulton of Americium (Ani“^) Following Intramuscular Injection of 
0 3 y of Solution of AmCU into Hind Leg of Rat 



1 day 

i days 

16 days 

64 days 

256 days 


ptr rent 
per 
organ 

ptr ctni 
per gm 

per cent 
per 
organ 

per cent 
per gm 

per cent 
per 
organ 

per cent 
per gm 

Per cent 
per 
organ 
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per gm 

per cent 
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organ 
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per gm 
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13 
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0 

18 

0 

11 

0 

14 

0 
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0 

11 

0 

036 

0 

065 

0 

017 

Heart 


11 


12 

0 

045 
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0 

083 

m 

088 

0 

049 

0 

044 

0 

012 

0 
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Liver 

30 

8 

3 

41 

31 

0 
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10 

6 

1 

13 

1 

46 
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0 

53 

0 
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Spleen 

0 

28 

0 

39 

0 
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0 

18 

0 

079 

0 

11 

0 
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m 

0 
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0 
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2 
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29 

1 

97 
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13 

1 

02 

0 

52 

0 

72 

0 

34 

0 

27 
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tion of msoluble compounds of amencium at the mjection site It is of 
mterest to note that most of the amencium remaming behmd m the mjected 
leg was found to be m the soft tissue, although the content m the bones of 
that leg was of the order of twice that of the opposite mjected leg It 
Was not determmed whether this was the result of diffusion of the mjected 
solution to the Bone surfaces followed by adsorption or whether it occurred 
durmg the ashmg procedure The relatively small excess of amencium m 
the carcass ash over the estimated value derived from the measured samples 
of blood and muscle may be due to the presence of small fragments of 
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carcass skeleton which passed thiough the screen employed for sifting out 
the bones The estimated americium content of muscle and blood was 
made on the basis of the values per gm noted for these two structures and 
assummg that then total weights m the mtact animal were 45 and 6 per 
cent respectively of the total body weight In Table II the data are 
presented after correction for the unabsorbed fraction m the mjected leg 
and for the deviation of the measured recovery value from 100 per cent 
The rate of excretion of americium is shown m Text-fig 1 for both urme and 
feces The relative proportion of americium appearmg in the liver and 

Table II 

Distribution of Americium in Rat Following Intramuscular Ingeclion 


The data, taken from Table I, have been corrected for the fraction of americium 
unabsorbed at the site of injection and the deviation of the recovery values from 
100 per cent 



1 day 

4 days 

16 days 

64 days 
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Lungs 

0 

23 

0 

17 

0 

21 

0 

13 

0 

21 

0 

13 

0 

15 

0 

048 

0 

084 

0 022 

Heart 

0 

19 

0 

21 

0 
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0 
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0 

12 

0 

13 

0 
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0 
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0 
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0 013 
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54 
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6 

07 

35 

7 

4 
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64 
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68 
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1 
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0 
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6 
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3 
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3 
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5 
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6 
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Feces 

4 
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31 

5 



46 

4 



63 

2 
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4 
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feces IS graphically mdicated m Text-fig 2 and the change o o 
americium content in the liver and skeleton appears m Text-fig 3 

The observed and the corrected data foi the mtramuscular series, o ^ 
m Tables I and II, present an mterestmg findmg, namely the hig ^ ^ 
of accumulation m the liver and bone In the case of the hver, inos 
the accumulated americium is removed at a fairly lapid rate, ^ 
way of the bile, smce the quantity of ameiicium m the feces pw ® ® o 
lost by the hver, this reciprocal relationship is mdicated m 
After most of the americium is elimmated from the livei, it can e 
Text-fig 1 that the excretion is very slow but that the digestive ra 
acts as the prmcipal channel of elimmation Durmg the entire p 
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these experiments, mcluding the 256 day mterval, there was no significant 
decrease in the amount of ameiicium m the skeleton A comparison of the 



Tbxt-Fig 1 Fecal and urinary elimination of americium in rata 


uptake and retention of ameiicium by the liver and bone is given m Text- 
fig 3 The only other soft tissues that show significant accumulation are 
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the spleen and kidnej^s, whose initial content on a per gm basis at tke earlier 
time mteivals is consideraLly tower than that of the liver The fraction of 


ce 



EXPERIMEWr 

Text-Fig 2 Deposition of americium in the feces and liver of rat 

americium absorbed from the digestive tract followmg oral 
was observed to be less than 0 01 per cent of the 0 3 T dose gi 
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Text Fig 3 Deposition of araericiuni in the bone and liver of the rat 


Radioautographs were made of thin undecalcified sections of the femur 
to show the actual distribution of the americium m bone An example is 
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shown m Fig 1 It will be noted that the americium appeals to be heavily 
deposited about the tiabeculae m the region below the epiphysis and at the 
endosteal and peiiosteal surfaces of the shaft, and is rather spottily dis 
tributed thioughout the cortical bone of the shaft A higher magnifica 
tion of the cortical bone (Fig 2) shows that the spotty mtracortical amen 
cium coiresponds m general location to the small blood vessels of the cortex 
Unfortunately, the resolution m the radioautographs is not sufficient to 
determme whether this material is m the blood vessel walls oi m the sur 
roundmg mmeral structuie of the bone Fuither technical progress in 
radioautography is necessaiy befoie this problem can be settled 


DISCUSSION 


In studies compaiable to the series of expeiiments described here, it 
has been shown with ceitam of the fission pioducts m the carrier-free state, 
as well as with several members of the heaviest elements (4), that the high 
degree of accumulation and prolonged retention by the skeleton is a phe- 
nomenon common to a number of elements This characteristic of a high 
degree of accumulation and retention by the skeleton has been demon 
strated with the foUoxvmg fission products yttrium, lanthanum, cerium, 
praseodymium, element 61, zirconium, columbium, strontium, and banum 
(4) The heaviest elements that also are deposited m the skeleton include 
thorium, protoactinium, uramum, neptunium, and plutonium (2-4)' 
Incomplete data mdicate that the same behavior is characteristic of cunum 
(4) ^ Strontium has been observed to be distributed primarily m tie 
mmeral structme of the bone (5), and it is presumed that the same im 
tological pattern of deposition m bone takes place with barium Badioau 
tographic studies of bone have been made with yttrium, cerium, elemen 
61,'* zirconium, strontium, thorium, and plutonium (4, 5) With the ex 
ception of strontium, and presumably barium, all of these elements teu 
to be laid down m the vicmity of the periosteum and endosteum Hea''y 
deposits occur m the trabecular region, and it is believed that the accumu 
lated radioelements may be largely laid doxvn on the surfaces of the ^ 
ulae It has already been shown, m the case of americium, that m ad * 
to this site of localization there is apparently some accumulation abou 
small blood vessels of the cortical bone This mterestmg 
has been thus far noted only with cerium and element 61 These 
rare earth elements show the same very high degree oi 
hvei that has been demonstrated vuth americium It la 'edicta 
this radioautogiaphic pattern of the bone, which is chaiacten 'C 
three elements, iould be observed with lanthanum and praseo^ynn 

■* Scott, K G , Hamilton, J G , and Axelrod, D J , unpublished data 
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These two raie earths also demonstrate a similiar high level of accumulation 
by the liver However, their half lives are too short to permit the prepara- 
tion of satisfactory bone radioautographs 

The remammg elements subjected to both tiacer and ladioautogiaphic 
studies, notably yttrium, ziiconium, thorium, and plutomum, exhibit a 
relatively small uptake by the liver and do not show any sigmficant 
amount of deposition m the region of the small blood vessels of the corti- 
cal bone The correlation between the high livei uptake and deposition 
of material about the small blood vessels of cortical bone is a curious phe- 
nomenon for which no obvious explanation is available It is of mterest to 
note that the removal of lanthanum, cerium, praseodymium, and element 
61 from the liver pioceeds at almost the same rate that has been observed 
with americium 

It would appear that m the case of ameiicium, as v ell as with lanthanum, 
cerium, praseodymium, and element 61, there is a competition between 
the liver and the skeleton for an accumulation of these elements More- 
over, it IS unlikely that any significant fraction of the very constant level 
of americium m the skeleton is due to transfer to this element from the 
liver to the bone Evidence that may be cited for this deduction is based 
on the fact that by the 64th and 256th days there is no appreciable loss from 
the skeleton, although by 64 days the americium content of the liver has 
fallen to a relatively low value It would be of interest to explore this 
hypothesis further by performing tracer studies with ameiicium upon 
hepatectomized animals With the liver removed, one might expect from 
60 to 80 per cent of the americium absorbed from the mjection site to be 
deposited m the skeleton, as is the case for zirconium, yttrium, thorium, 
neptunium, and plutonium The reasonableness of this concept is the fact 
that these elements of somewhat similar metabolic properties, except for 
their limited deposition m the liver, show an accumulation by the skeleton 
of the order of 65 to 70 per cent The possibility that americium and the 
other substances for which the liver shows such a high affinity are entrapped 
by the reticulo-endothehal system appears highly unlikely, smce the con- 
centration per gm in the spleen m the earlier phases of these experiments 
IS roughly one-fiftieth of the concentration in the liver 

The practical aspects, uith respect to the dangers that might be en- 
countered by those who may nork nith americium, are fairly obvious 
Smce it IS not absorbed to any significant degree from the digestive tract, 
the hazard from mgestmg this material by mouth is relatively small The 
property of selective localization and prolonged retention m bone makes it 
a highly dangerous agent should it gam entry mto the body through cuts, 
abrasions, etc In the light of work with other elements shoiving a close 
metabolic similarity, it seems probable that soluble compounds of this 
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THE DEPOSITION OF URANIUM IN BONE* 

I ANIMAL STUDIES 

By W F NEUMAN, M W NEUMAN, and B J MULRYAN 

(From the Division of Pharmacology and Toxicology, Department of Radiation 
Biology, School of Medicine and Dentistry, The University of Rochester, 
Rochester, New York) 

(Received for publication, May 3, 1948) 

Studies of the distnbution of uranium m animal tissues (1, 2) have 
shown that a large proportion of the injected dose accumulates initially m 
the bone and kidney 40 days after injection, however, bone is the only 
tissue which has retained significant quantities of the metal (2) Because 
of the importance of bone as a storage site for uramum, more specific in- 
formation has been obtained concernmg the factors which influence the 
deposition of uramum m bone in the animal 

One of the problems presented by the previous work concerned the dif- 
ferences m the skeletal distnbution of uramum which occurred between 
the sexes The bones of male rats consistently accumulated greater quan- 
tities of uramum than those of females All of these rats weighed 200 
gm At this weight, the male rats averaged 9 weeks m age, the females 
16 weeks Were these differences related to age or sex? 

Recent studies with radioactive phosphorus (3) have emphasized the im- 
portance of the relative vasculanty of bone m determimng the rate and, 
as a result, the amount of deposition of mmerals in bone This suggested 
that the differences observed m young male and adult female rats resulted 
from vanation m the relative vasculanty of the skeleton with age To test 
this hjqiothesis, normal male and female rats of various ages and rats m a 
state of severe nckets were injected with uramum and their bones analyzed 
An analysis of the content of uramum m different types of bone structures 
as represented by skull, vertebra, and long bone was also made Epi- 
physis, metaphysis, and diaphysis from rabbits, and periosteum from a dog 
were examined for purposes of comparison A study of the uptake of 
radiophosphate in different parts of the skeleton supplemented the expen- 
ments with uramum 

EXPERIMENTAL 

Methods 

Rats from a colony of Wistar stram animals were mamtamed on a fox 
chow diet unless otherwise mdicated After a 3 to 5 day observation 

* This paper is based on work performed under contract No W-IIOl-eng-lQ for the 
Atonuc Energy Project at The Umversity of Rochester 
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penod, they were mjected mtrapentoneaUy with 2 5 mg of uranium per 
kilo as a 0 1 per cent aqueous solution of either uranyl mtrate or acetate 
This IS a toxic and sometimes lethal dose The rats were sacrificed by de 
capitation 48 houis after injection By this tune, the distribution of ura 
mum throughout the animal has reached a fairly steady state (2) The 
bones to be analyzed were removed, freed of flesh, ashed m a muffle furnace, 
and analyzed by the fluorophotometric method (4) 

Analyses of the skull mcluded the jaw and teeth All femora and humen 
of each animal were combmed for analysis Three vertebrae were taken 
from the lumbai region In one case, the epiphyses, metaphyses, and shafts 
of the long bones of two 6 week-old chmchilla rabbits were separated and 
analyzed 





Fig 1 Effect of age on the deposition of uranium in the femora and humeri of ttc 
rat The curve represents a total of 56 animals, each point being an average of from 
seven to eleven rats O is the average value for the long bones of each of two raclut'® 
rats 

A Similar routine was followed m the investigation of the distribution of 
radioactive phosphorus Rats 2 and 15 weeks old were mjected mtraper 
itoneally with a sahne solution of as NaoHPOi, 0 1 mg , 1 microcurie 
per kilo After an equilibratmg period of 24 hours, the rats were lulled, the 
bones removed, ashed m a muflfle furnace, dissolved m HCl, and the 
radioactivity measurements made m the conventional manner (5) 

Results 

Concentration of Uranium in Bones at Various Ages — The effect of 
of the rat on the deposition of uramum m bone is clearly demonstrate 
Fig 1 On the basis of ash weight, the young rat (2 5 weeks of 
denced a deposition of uramum m the femora and humeri 
that which occurred m the adult rat (15 weeks of age) No sex d 
were observed over the range of ages stuched, includmg amma 
durmg, and after sexual maturation 
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The results obtamed from two 11 week-old rats, which had been mam- 
tamed for 2 months on a lachitogemc diet,^ are also recorded m Fig 1 
These animals were m a state of severe rickets The ash content of then- 
bones was 11 and 15 pei cent, respectively, as compared to a value of 40 
per cent normally found at this age The concentration of uramum ob- 
served was excessively high if compared with that of normal amirinls of the 
same age 

Concentration of Uiamum in Bones of Different Structural Types — The 
relative activity of the skull, vertebra, and combmed femur and humerus 
in accumulatmg mjected uramum and radiophosphate is shown m Table I 
In all cases, vertebra fixed greater quantities of uramum than did skull 
Long bone was mtermediate, but, m general, gave results comparable to 


Table I 

Relative Distribution of Uranium and in Different Bones 


Age of animal 

SLull 

1 

Femur and humerus 

Vertebra 

1 

No of rats 

1 

Uranium 

No of rats 

Uramum 

No of rats 

Uramum 

j>ks 


y per gm ash 


7 per fm ash 


y per gm ash 

2 5 

9 

26 0 

15 

' 54 0 

9 

' 64 0 

15 

4 

9 9 

4 

10 4 

3 

15 7 



1 

pa* 


pa* 


pJl* 

2 

12 

37 0 

12 

51 0 

12 

48 0 

15 

5 

9 9 

5 

10 7 

5 

14 2 


* To facilitate a comparison w ith the uramum values the counts per minute per 
gm of asli were divided by an appropriate factor 


vertebra m young rats and to skull m adult lats The differences between 
the bones were smaller in the adult rats 

The uptake of by the three skeletal components followed a pattern 
stiikmgly siimlai to that seen with uramum 

Material for a comparison of the deposition of uiamum in the epiphysis, 
metaphysis, and shaft of rapidly growing femur was obtamed from two 
young rabbits also given 2 5 mg of uramum pei kilo intraperitoneally 
Analyses of the pooled samples gave the foUomng content of uramum, 
m micrograms pei gm of ash metaphysis 2 3, epiphysis 1 8, shaft 1 6 
In this case, the metaphysis accumulated greater quantities per gm of 
ash than did the rest of the bone It is also mterestmg that smaller quan- 
tities of uramum were found m the bones of rabbits than of rats of a corre- 
sponding age 

* A modified Steenboek diet, Diet 2, obtained from General Biochemicals, Inc , 
Chagrin Falls, Ohio 
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Penosteum was obtained from the nbs and long bones of a dog which 
had received thirteen mjections of 0 3 mg of uramum per kilo (oa 
ir 0 .(N 03 ) 2 ) over a period of 6 weeks and a final dose of 5 mg of uramum 
per kilo The dog was sacrificed 9 days after the final mjection For 
comparison, samples of bone and muscle were taken from each of the areas 
from which periosteum was obtained Bone and muscle specimens were 
pooled separately, penosteum from tibia and femur was kept separate from 
the periosteum taken from rib The analytical results are presented m 
Table II 

The amount of uramum found m muscle is comparable to values reported 
for such tissues from normal untreated rats (2) The values for penosteum, 
while sigmficantly higher than for muscle, were low in companson to those 
of the adjacent bone Calcified bone is apparently the principal site of 
deposition, not penosteum 


Table II 

Comparison of Uranium Content of Bone, Penosteum, and Muscle from Dog 
after Repealed Uranium Injections 


Tissue 

Uriniuin conteot 


y per im vet vetcH 

Bone 

21 

Penosteum (nb) 

0 42 

“ (tibia and femur) 

0 41 

Muscle 

0 04 


DISCUSSION 

The age of the rat proved to be an important factor m determining^^® 
e\tent of uramum deposition m bone The young, more rapidly gro = 
animals, irrespective of sex, showed a greater fixation of mjected 
A companson of different parts of the femur also showed a direct corre a 
between growth activity and uramum fixation ^ 

There seems reason to doubt, however, that the deposition o w 
IS directly related to the calcification process per se Rather, lap^^^ 
more hkely that some factor closely associated with bone jjjfge 

larity perhaps, is responsible For example, m the rachitic a ^j^eral 
amounts of uramum were found m bones where no net accretion o 
was takmg place Radiophosphate, the fixation of which has 
hshed to be pnncipaUy an exchange process not directly uranium 
growth (3, 6), showed the same relative distribution as . 

Fmally, it has been shown (2) that uramum is cleared from t e 
45 minu tes after injection Durmg this tune, the amoun o 
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catiou IS so small that, to account for uramum deposition as part of the 
calcification process, nearly every mole of hydroxylapatite laid down must 
bind a uranyl ion At the concentrations of uramum in the plasma durmg 
this period, such a phenomenon seems improbable 

It has been reported (7) that uramum is deposited prmcipally m the 
periosteum and endosteum Direct analyses of periosteum did not confirm 
this view 


SUMMARY 

The deposition of injected uramum m bone was found to be directly re- 
lated to growth activity Young rats, irrespective of sex, showed a greater 
concentration of uramum m bone than did older ammals 
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Uianium is deposited m skeletal tissue (1, 2) m concentiations which 
coi respond well wth growth activity (3) 

A more precise localization of the metal has been made possible by a 
simultaneous ladioautogiapluc and microscopic study of ground sections of 
bones containing U-“, an a emitter of long half life The results of this 
study confirmed the coii elation between growth activity and uramum up- 
take Further, little redistribution from the initial site of deposition was 
observed over a period of 40 days These data aie m good agreement with 
the results of an earlier ladioautogiaphic study (1) 

EXPERIMENTAL 

Methods 

Pour male, Wistar stiain rats, weighing appiovimately 100 gm , weie in- 
jected mtrapeiitoneally with toxic doses of uianyl acetate (1 5 to 3 0 mg 
of uranium per kilo) containing 1 5 microcunes of U-“ The animals were 
sacrificed 4, 48, and 120 homs and 40 days after injection Bone samples 
were removed and fixed in chloioform-methanol (1 1) Radioactivity 
measurements showed that this fixative did not dissolve uranium Roughly 
ground sections of the fixed bone were glued to corks and ground agam on 
a marble stone to a thicluiess of 0 125 to 0 5 mm The cork-mounted bone 
sections were then fixed fiimly with rubber bands to Eastman a-ray plates 
for an exposure period of 4 weeks 


Results 

Representative autographs with their correspondmg bone sections are 
presented m Figs 1 to 5 

In confirmation of earlier reports (2), no uranium was found m soft tissue 
4 hours after admimstration The epiphyseal cartilage of femur (Fig 3) 
and the pulp cavity and periodontal membrane of the mandible (Fig 2) 

* This paper is based on work performed under contract Xo W-7401-eng-49 for the 
Atomic Energy Proiect at The University of Rochester 
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weie essentially free of activity In all sections examined, uramum was 
found only in the calcified portion and here only on surfaces readily avail 
able to the circulation, ^ e , the surfaces of trabeculae m cancellous bone 
(Fig 1), on the inner and outer surfaces of femur shaft, and around large 
blood vessels and Haversian canals within the compact bone (best seen in 
Fig 4) 

The most striking concentrations of activity occurred m areas where 
active calcification was taking place In the vertebra (cross-section. Fig 
1), which mcreases m thickness by accietion of bone on its external surfaces, 
it may be seen that the darkest areas in the autographs occurred at the 
outer circumference and the external surfaces of the trabeculae Also cor 
responding with the direction of growth (4), the greatest concentration o 
activity m the mandible (Fig 2) were found on the crests and distal sur acfo 
of the alveoli The high activity on the pulp surface of the dentin comci ^ 
with the surface on which contmuous deposition of mmeral occurs In 
bone, calcification occuis in the metaphysis, under the periosteum, an 
under the articular cartilage of the epiphysis Agam, as shoivn m igs 
4, and 5, the greatest concentrations of uramum were found m these arein 

A comparison of the three femurs m Figs 3, 4, and 5 shows t ^ 
deposited, uranium was virtually fixed Little redistribution 
the groivth of bone continued The increasing wdth of the space e ' 
epiphysis and metaphysis which occuried in the autographs wit 
time after mjection reflects the relative displacement of the bone w c 
deposited at the time of injection It is mteresting that some o e ^ 
physeal bone contaimng uiamum remained unabsoibed aftei a 
though bone which had been laid down subsequently ha a ea 
resoibed This umesorbed metaphysis is not readdy ggtion 

photomicrograph, but was easily observed on microscopic . ^35 
When the 40 day autograph was superimposed on its femui sec J 
obsen'^ed that, at the proximal end of the shaft, bone ha een 
externally to the periosteal line of uiamum deposition but a 
sorb at the marrow surface This accounts foi the excessive 
of the shaft walls in this area 


DifeCUSSION , 

The fact that the uncalcified tissues of these 

activity IS in agreement with a previous distiibutionstu y( j^jney 

that as early as 2 5 hours after injection all soft tissues ^ deposdc^ 

practically uranium-free Hamilton (5) suggests that jmneral itsd^ 
m the soft tissue covering the bone surface rather than 
These observations do not confirm his view ^ activity 

(Fig 2), a modified periosteal tissue, contained lit e or 
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periosteal line of uranium deposition in the 40 day femur was embedded 
m the middle of the shaft by subsequent accretion of bone If the activity 
bad been m the periosteum, it would have remained on the outer surface 
as groivth continued Further, the amount of uramum found in periosteal 
tissue by direct chemical analysis was low relative to that in the adjacent 
bone (3) 

The concentration of uramum on mmerai surfaces adjacent to the circu- 
lation and m areas of calcification is m keeping ivith the results of previous 
work (2) which showed a correlation between the relative circulation and 
growth activity of the bones and their abihty to fix uramum in mvo It 
has been suggested, however, that uramum is not precipitated along with 
the apatite crystals but rather exchanges with some ion or ions on the 
available, preformed crystal surfaces (3) 

It 13 interesting that the presence of uranyl ions has been shown (6, 7) 
to decrease the solubility of tooth enamel Reduced solubihty of uramum- 
impregnated bone may explain the failure of the resorption processes m the 
metaphysis and in the shaft at the marrow surface m uranium-mjected rats 

SUMMXRX 

Radioautographs of bone containmg showed this element to be de- 
posited only in the mmerai portions and to be particularly concentrated on 
surfaces adjacent to the circulation and in areas of calcification Once 
fixed, httle redistribution of uramum occurred As the normal growth and 
calcification processes continued, new bone accumulated over the Imes of 
deposition and the resorption of bone to some extent was inhibited, probably 
because of the insolubihty of uranium-impregnated bone salt 

The authors are pleased to acknowledge the able assistance of Mr 
Robert Hay m prepanng the photographs 
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EXPLANATION OF PLATES 
Plate 3 

Figs 1 and 1, A Photomicrograph and radioautograph of vertebra Cross sec 
tion of a lumbar vertebra removed 2 days after the injection of U’” 

Figs 2 and 2, A Photomicrograph and radioautograph of mandibular molars 
Sagittal section of mandible including third to first molars (left to right), taken 4 
hours after the injection of Figs 1 and 2 have had equivalent magnification 

Plate 4 

Figs 3 ^nd 3, A Photomicrograph and radioautograph of femur Longitudinal 
section of distal end of femur taken 4 hours after the injection of U'“ 

Figs 4 and 4, ^1 Photomicrograph and radioautograph of femur Longitudinal 
section of femur taken 5 days after injection 

Figs 5 and S, 1 Photomicrograph and radioautograph of femur Longitudinal 
section of femur taken 40 dajs after injection All femur sections have had equiv 
alent magnification 









(Iveiiman and "Neunun Uranium deposition II) 
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Studies of the distribution and excretion of injected uranium (1-3) 
have demonstrated that a considerable proportion of the element is de- 
posited m the skeleton Mobilization of this fixed uramum was found to 
be a slow process (2) This was confirmed by radioautographic studies (4) 
which demonstrated that, once deposited, very little redistribution of the 
uranium took place 

Since variations in diet have been shown (5) to exeit a profound effect 
in plumbism, it seemed possible that the mobihzation of skeletal uramum, 
too, might be enhanced by proper choice of diet In support of this view 
was the finding that alkali admimstration reduced the quantity of uramum 
deposited m the kidney (2) 

In these expermients, rats, given several injections of uranyl mtiate, 
were divided mto groups and placed on different experimental diets for a 
period of 50 days A lachitogemc diet was found to mcrease the rate of 
removal of skeletal uramum Acidic and alkahne diets did not significantly 
alter the normal, slow mobilization process 

EXPERISfENTAL 

Methods 

Five female, albino, Wistar strain rats about 3 weeks of age, taken from 
each of fifteen fitters, were divided among five groups Thus, each group 
compnsed fifteen rats weighing from 45 to 65 gm , with a corresponding 
litter mate in each of the other four groups 

After a 4 day observation period, a solution of uramum, 0 1 per cent 
UO!t(CH„COO) 3 , was admimstered mtrapentoneally to all rats according to 
the followmg program Eight doses of 0 15 mg of uramum per kilo were 
mjected on alternate days 2 days after the last small dose, one mjection 
of 2 mg of uramum per kilo was given The purpose of the piehminary 

* This paper is based on work performed under contract No W-7401 eng-49 for the 
Atomic Energy Project at The University of Rochester 
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small doses was to establish a tolerance* to the large, final dose, which, iit 
untreated rats, is often lethal In this case, a tolerance developed, only- 
three of 75 rats succumbed The large dose was necessary m order to ob- 
tam skeletal concentrations of uranium adequate for analysis 
3 days after the last mjection. Group I was sacrificed for analysis and the 
other groups were maintamed on the foUoiving diets for 7 weeks Gioup II, 
a control diet of Purina fo\ chow, the maintenance diet of all groups through 
the observation and injection periods. Group III, an alkalme diet, con- 
sistmg of fox chow supplemented with 0 5 per cent sodium bicarbonate. 
Group IV, an acidic diet, fox chow supplemented with 0 32 pei cent am- 
momum chlonde (the alkahne and acidic diets contamed equivalent con- 
centrations of acid and base which were found to be the highest possible 

Table I 

Effect of Expenmenlal Diets on Composition of Pooled Femora and Uumen 
The resulta are expressed in mean per cent plus or minus the standard deviation 
obtained according to the method of Fisher (7) 


Group No * 

1 

No of 
aaunals 

Bofie compositjOD 

Water 

Organic matenalf 

Asb 

I Control 

15 

49 3 ± 2 5 

21 0 ± 1 3 i 

29 1 1 6 

n Control diet 

13 

1 38 6 dt 3 4 

23 9 ± 1 8 i 

39 5 ih 3 0 

III Basic diet 

15 

i 36 4 ± 2 1 ) 

24 1 ± 1 9 

39 5 =b 2 4 

IV Acidic diet 

14 

! 35 8 ± 2 5 1 

24 2 ± I 0 i 

40 0 =fc 2 2 

V Rachitogenic diet 

14 

42 8 ± 3 6 

25 0 db 0 8 i 

32 0 ± 3 1 

1 

P values. Group II vs V j 

<0 01 

0 04 

<0 01 


* Group I, 6 to 7 weeks old Groups II to V were 13 to 14 a eoks old at sacrifice 
t Determined by difference 


concentrations consistent with sufficient dietaiy mtake) , Group V, a rachi- 
togenic diet * Water and food were given ad libitum 
The rats were weighed on alternate days for the first 2 weeks of the diet- 
ary period and twice a week thereafter 

53 days after the last injection of uramum, Groups II to V weie sacrificed 
by decapitation The femora and humen from each luiiual were removed 
and scraped free of adhermg flesh Fresh dry, and ash weights weie ob- 
tamed The uramum content of each sample of asli was determined by the 
fluorophotometric method (6) 

Haven, F , unpublished results 

‘ A modified Steenbock diet, Diet 2, obtained from General Hiochemicals, Inc , 
Chagrin Falls, Ohio 



718 


URANIUM DEPOSITION IN BONE m 


Results 

The average giowth curve of all the expenmental animals is compared 
in Fig 1 with the growth cuive for the average female rat of this colony 
The growth rate was retarded somewhat by the administration of urammn, 
particularly m the case of the rachitic ammals 

The effect of the diets on the composition of the long bones is presented 
m Table I In spite of the relatively large quantities of alkali (Group III) 
and acid (Gioup IV) consumed, no changes were observed m the compo 
sition of the long bones The bones of the rachitic animals, however, 
showed marked changes as expected, ^ e , mcreased water content and de- 
creased ash content 

To determme the amounts of uramum removed from the bones as a result 
of the various 7 week dietary i6gimes, the total uramum content of the 
pooled femora and humeri of each ammal was compared with the average 

Tabie II 


Effect of Diet on Mobilization of Uranium from Pooled Femora and Humen 


Group No 

No of 
animals 

Total uraoium 
content 

Uranium concen 
tration 

Per cent of 
deposited utsiit” 
runsiDUUf 
SOdsys 

I Control 

15 

r 

12 4 1 4* 

y per sm ash 

40 S ± 5 7 

SO ±11 

58 ±11 

61 ±12 

39 ±12 

II Control diet 

13 

7 3 ± 1 9 

12 0 ± 1 3 

III Basic diet 

15 

7 2 ± 1 3 

12 6 ± 2 0 

IV Acidic diet 

14 

7 6 ± 1 5 

13 1 ± 2 2 

V Rachitogenic diet 

14 

4 9 ± 1 5 

11 S ± 3 1 


* Error recorded as standard de\iation 


total uianium content found m the femora and humeri of Group 
control animals killed at the beginning of the dietarv period T ese 
aie presented in Table II j die 

Only the rachitogenic diet significantly {P = <0 01) 
removal of uianium fiom the bone 

DISCUSSION 

The mechamsm of the action of the lachitogenic diet m 
late of removal of uramum from bone seems cleai It has been 
the deposition m bone of mjected uramum is complete within a 
(2) Subsequently, m the lapidly growmg animals, new^ bone is^ 
over the fixed uranium, thus decreasing the availabihty o pg^vly 

cuculatmg fluids Very little redistribution of uramum ° ^aei 
formed bone occurs (4) The rachitogemc diet, then, by ow 
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accumulation of bone salt, loaves the deposited uranium more available to 
the circulating fluids (S) and increases the rate of its removal 
At the levels of acid and base administration employed (approximately 
6 mM per kilo per day), no alteration in the rate of removal of uranium from 
the skeleton was observed A study tn vtlro of the equilibration of bone 
ash with uranyl bicaihonate solutions* has shown that high concentrations 
of bicarbonate inhibit the uptake of uranium by the ash It would be ex- 
pected, then, that alkali administration might increase the rate of removal 
of uranium in vivo Apparently, it is not possible to alter sufficiently the 
composition of the body fluids to affect an incieased mobilization of ura- 
nium by dietary supplements of alkali 
It IS interesting that nearly one-half of the uranium originally deposited 
has disappeated in the 7 iveelc dietary period If the femora and humeri 
are assumed to be lepresentative of the skeleton as a whole, the half life of 
skeletal uranium in the rat must be of the order of 50 to 60 days This 
w'ould correspond, on a logarithmic basis, to an excretion rate of slightly 
over 2 per cent per day 


SUMMART 

The effect of several experimental diets on the rate of mobilization of 
skeletal uranium in rats was tested Alkaline and acidic diets were without 
effect, a rachitogemc diet increased the rate of mobilization 
The half life of skeletal uramum in the rat was found to be of the order 
of 50 to GO days 
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STUDIES ON CRYSTALLINE dl-BENZYLPENICILLENIC ACID 
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{From the Department of Biochemtslry, Cornell Umverstty Medical College, 

New York City) 

(Received for publication. May 4, 1946) 

lu a receut conimumcatioa fiom this laboratory it was reported that a 
high yield of D-benzylpenilhc acid (I) could be obtained through the con- 

COOH 

I 

CH S 

/ \ / \ 

N CH CCCHsIj 

II I I 

C,HsCH. C N CH COOH 

( 1 ) 

densation of D-pemciHaTume hydrochloride with 2-benzyl-4-niethoxy- 
methylene-5(4)-oxazolone and subsequent treatment of the crude con- 
densation product (1) This synthetic n-benzylpemllic acid was identical 
with that obtained from benzylpemcillm by rearrangement m aqueous 
solution at pH 2 

The ultraviolet absorption of the crude product from the condensation 
of D-penicillamme hydrochloiide and 2-benzyI-4-methoxymethylene-5(4)- 
oxazolone m pyridme solution containing triethylamme mdicated the 
presence of a large amount of D-ben^lpenicillenic acid, and it was therefore 
thought that penicillenic acid might be the inteimediate compound which 
yielded penillic acid Conclusive evidence m favor of this hypothesis has 
now been ob tamed through work on DL-benzylpeni^illenic acid (II) ^ 

N SH 

/ \ I 

CfiHaCHj— C C=CH NH CH C(CH,)- 

1 I I 

O C==0 COOH 

(ID 


* Methyl D-benzylpemcilIenate has been defined (2) as the product obtained upon 
treatment of benzylpemcillm methyl ester with mercuric chloride Benzylpenicil- 
lenic acid is generally assumed to have structure II The structure of benzylpenicil- 
lenic acid, however, has not been rigorously established (3), nor has n-benzylpen- 
icillemo acid been isolated in crystalline form 
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We have now found that when DL-penicillamine hydrochloride is 
condensed at 75° with 2-benzyl-4-inethoxymethylene-5(4)-oxazoloiie m 
pyi idine solution containing triethylamme a crystalline product can be 
obtained in high yield The ultiaviolet absorption of this compound 
showed a maximum at 3225 A (Em = 26,000)’ and the material could be 
degraded to the sodium salt of 2-benzyl-4-hydroxymelhylene-5(4)-o\azoIone 
by treatment with sodium hydi oxide (2, 3) These piopeities were those 
expected of penicillenic acid (II) 

When the crj'^stalline DL-benzylpenicillenic acid was allowed to stand m 
95 per cent ethanol solution at room temperature for 24 hours, DL-benz}'l 
penillic acid^ was obtained in 25 per cent yield These conditions nere 
identical with those which gave D-benzylpeniliic acid from the crude 
condensation product of D-penicillamine and 2-benzyl-4-methoxymethylene 
5(4)-o\azolone (1) It can therefore be concluded that D-benzylpenicillenic 
acid IS an intermediate in this synthesis of D-benzylpenillic acid 

It has already been shown (4) that the condensation of D-penicillamme 
hydrochloride wuth 2-benzyl-4-metho\'ymethylene-5(4)-o\azolone produces 
a small amount of antibiotic activity This activity is due to the syn 
thesis of a minute amount of benzylpenicillm (5) The dl isomer yid(J“ 
approximately half of the antibiotic activity obtained from the n isomer 
(4) With crystalline DL-penicillenic acid at hand, an opportunity was 
afforded to see whether this crystalline mateiial gave antibiotic activity 
when it was heated in pyiidine solution in the presence of pyndiniuffl 
chloride Penicillenic acid has been suggested repeatedly (4) as the inter 
mediate compound in the synthesis of antibiotic activity from n penicil 
lamine hydrochloride and the oxazolone, but this has not been established 
The crystalline DL-benzylpenicillenic acid was theiefore heated in py'ndme 
solution m the piesence of pyridinium chloride at 110° for 12 minutes 
A small amount of antibiotic activity was obtained (less than 0 1 
of the theoretical amount) This amount was comparable to that form 

when DL-penicillamine hydrochloride and 2-benzyl-4-methoxymethylens 

5(4) oxazolone were condensed under the same conditions 

Because of the small yield of activity, it is difficult to eliminate complete 7 
the possibility that the activity is formed from an impurity very 
associated wnth the penicillenic acid Howevei, the DL-penicillenic aci^ 
was subjected to a series of reciystallizations and the amount of anti 
activity obtamable from each fraction was determmed by heating it "t 


^Eii IS the molar absorption coefficient and is equal to D/cd where D is 
c IS the concentration in moles per liter, and d is the cell thickness m 
’In a forthcoming communication from this Laboratory, evidence uiH 
to show that this racemic benzylpenillic acid contains a d moiety i\nicn 
with the D-benzylpenillic acid obtained on rearrangement of n-benzylpe 
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pyridine and p 3 Tidmmra chloride These repeated recrystallizations of 
the DL-pemcillenic acid did not result m any loss of its ability to produce 
antibiotic activity 


EXPERIMENTAD 

Preparahon of J)t-Benzijlpemcillemc Acid (//)—! 8 gm of DL-peni- 
cillamine hydrochloride and 1 98 gm of 2-benzyl-4-methoxymethylene'5(4)- 
oxazolone were heated in 360 cc of pyndme and 15 cc of triethylamine at 
75° for 20 mmutes The solution was evaporated in vacua under nitrogen 
to a gum which was then dissolved m 300 cc of chloioform The chloro- 
form solution was washed with 300 cc of ice-cold phosphate buffer of 
pH 1 6 (2 m) and then with 300 cc of cold phosphate buffer of pH 5 (1 25 
si) After bemg dned over sodium sulfate, the chloroform solution was 
evaporated to a yellow powder, which weighed 2 3 gm This material 
was washed with two 5 cc portions of clilorofoim, and the pale yellow 
residue was dissolved m 150 cc of methyl acetate The solution was 
filtered and 200 cc of hexane weie added The solution deposited 872 rag 
of crystals, which had a micio meltmg pomt of 136-137° A solution of 
this material m 95 per cent ethanol (0 01 mg per cc ) had a maximum in 
the ultraviolet absorption spectrum at 3225 A, Eu = 25,600 This ma- 
terial was recrystallized from methyl acetate-hexane The recrystallized 
product melted at 136-140° (micro), and an ethanol solution (0 01 mg 
per cc ) had an absoiption maximum at 3225 A, Eu = 26,600 

CKnu 04 N 2 S (334 4) Calculated, N 8 38, S 9 59, found. N 8 19, S 9 52 

Alkaline Degradation of vnj-Benzylpenicillenie Acid — A 100 mg sample 
of Dii-benzylpemcillemc acid was treated with 0 4 cc of 3 n NaOH m a 
procedure similar to that used m the degradation of methyl o-benzylpeni- 
cillenate (3). The solution was allowed to stand for 25 mmutes at room 
temperature, and was then cooled m an ice bath The crude sodium salt 
of 2-benzyl-4-hydroxymethylene 5(4)-oxazolone which separated was washed 
with methanol and dned It weighed 34 8 mg and was recrystal- 
lized from methanol-ethyl acetate to yield 6 7 mg of crystals m the first 
crop This material melted with decomposition at 229-231° (micro) and 
at 218-220° (capillary) After another recrystaliization the compound 
melted at 228-231° (micro) and at 224-225° (capillary) Admixture of this 
material with an authentic sample of the sodium salt of 2-benzyl-4-hydroxy- 
methylene-5(4)-oxazolone did not depress its capillary meltmg point 
The ultraviolet absorption liLemse corresponded to that given by the 
authentic sodium salt of 2-benzyl-4-hydroxymethylene-5(4)-o\azolone 
The ultiaviolet absorption maxuna m methanol occurred at 2390 A {Eu 
= 6430) and at 2980 A (Eu = 17,650) 
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Foj mation of TH.-Benzylpemlhe Acid (7) from ’Dh-Benzylpemcillemc Acid 
(77) — 198 mg of twice recrystalhzed DL-benzylpemciUenic acid were dis 
solved m 6 cc of 95 pei cent ethanol The solution was allowed to stand 
for 24 hours at room temperature and 45 6 mg of needles, micro m p 
178-180°, were collected When the filtrate was allowed to stand at 5°, 
it deposited another 5 1 mg of needles, micio m p 177-178°, making 
a total yield of 25 6 per cent of the theoretical amount The material was 
lecrystallized twice from NaOH solution by the addition of dilute HCl 



Fig 1 At each succeeding step, the material u as dissolved m methy 

precipitated with he\ane (ppt ) The mother liquors (ill A ) were 
the residues were fractionated in the same manner All fractions 
with the exception of Fraction G Aliquots of each fraction were remove 
and ultraviolet absorption measurements 

The pioduct had a micio meltmg pomt of 175-177° per 

absorption spectrum of the solution m 95 per cent ethanol (0 j p 
cc ) showed a shoulder at 2325 A, Ev = 7100 A 'j ^gntical 

benzylpendlic acid prepared from benzylpenicillin had an a mos 
absorption spectrum with a shoulder at 2350 A, Ev = 7100 

CigHibOiNiS (334 4) Calculated, N 8 38, S 9 59, found, N 8 04, S 9 

Formahon of Antibiotic Activity from Crystalline 
Acid — 400 mg sample of crystallme DL-benzylpeniciUenic a 
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tionated by successive reciystalhzations fiom methyl acetate-hexane, as 
illustrated m Fig 1 An aliquot of each fraction was dissolved m 95 per 
cent ethanol and the E\, oi the ultiaviolet absorption maximum at 3225 A 
nas detei mined Also, a 5 mg aliquot of each fi action was heated at 
110° for 15 minutes in 0 5 cc of pyiidine contaimng 3 12 mg of pyridin- 
lum chloride The solution was cooled and the pyiidine removed in vacuo 
The residue was dissolved in 5 cc of 1 pei cent phosphate buffer (pH 6) 
and assayed with Bacillus suhhlis, ATCC 6051, by a modification of the 
method of Vincent and Vmcent (6) with ciystallme sodium benzylpen- 
icillin as the standard 

For each fraction, the latio of the antibiotic activity pioduced to the 
Em ol the absoiption maximum at 3225 A was calculated, as shown m 


Table I 


Properties of Fractions from Recrystalltzalion of T>tr-Benzijlpemcillenic Acid 


Fraction 

12 1 / at 3325 A 
(a) 

Antibiotic activity 
produced 
(4) 

g- 

starting material 

26,400 

untls pet mg of ongtnal 
jfoclion 

1 24 

4 70 

A 

25,600 

1 14 

4 45 

B 

23,000 

1 12 

4 87 

C 

25,500 

1 1 26 

4 94 

D 

19,400 

1 1 00 

5 15 

E 

26,600 

1 28 

4 81 

F 

21,000 

1 04 

4 96 

G 

3,190 

<0 25 


H 

16,000 

0 70 

4 22 


Table I These ratios remamed quite constant, ranging from 4 22 X 10 ^ 
to 5 15 X 10-® 


SUMMARY 

The preparation of DL-benzylpenilhc acid m good yield from crystalline 
DL-benzylpenicillenic acid has established beyond doubt that the latter 
compound is an mtermediate m the synthesis of DL-benzylpenillic acid 
from DL-penicillamme hydrochloiide and 2-benzyl-4'methoxymethylene- 
5(4)-oxazolone Smee the syntheses of the n- and L-peniihc acids from the 
D- and L-pemcillamine hydrochlorides proceed in an entuely similar fashion, 
the correspondmg penicillenic acids are undoubtedly the intermediates 
m these cases also 

When crystallme DL-benzylpemciIlemc acid was heated m pyridme 
contammg p 3 rridimum chloride, antibiotic activity was obtamed The 
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yield of activity was comparable to that obtamed by condensation of 
DL-peniciIlamme hydrochloride and 2-benzyl-4-methoxyinethylene-5(4) 
oxazolone 

The authors wish to thank Dr J R Rachele and Miss Josephine E 
Tiet 2 man for the microanalyses, and Mrs Mary McKee, Mrs Elizabeth 
Mitchell, and Miss Jeannette Treiber for the microbiological assays 
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OBSERVATIONS CONCERNING THE CAUSES OF THE 
EXCESS EXCRETION OF URIC ACID IN THE 
D^\iMATIAN DOG* 

Br MEYER FRIEDMIN and SALFORD 0 BYERS 

(From the Harold Brunn Institute for Cardiovascular Research, Mount Zion 
Hospital, San Francisco) 

(Received for publication, March 13, 1918) 

Ever Since Benedict (1) obseived that the Dalmatian dog excreted more 
uric acid than the non-Dalmatian dog, various investigators have attempted 
to detect some anomaly m the purine metabolism of this species of animal 
However, no adequate explanation has been found despite the careful 
studies of Wells (2) and Klemperer, Trimble, and Hastings (3) Thus the 
liver of the Dalmatian has been found to contain apparently as much ade- 
nase, guanase, and uncase as the liver of the non-Dalmatian (2, 3) As a 
matter of fact, these investigators concluded that no quantitative relation 
existed between the uric acid excretion of the Dalmatian and the uncase 
content of its liver 

It seemed important to leinvestigate this problem Our approach was 
to explore thiee possible causes for the occurrence of excess uiic acid in the 
urine of the Dalmatian, namely, (1) that it was due to an accelerated total 
purine metabolism, (2) that it was due to a failure of the In er of the Dal- 
matian to convert uric acid into allantoin, or (3) that it was due to an anom- 
aly m the kidney of the Dalmatian which allowed the more rapid escape 
of uric acid The final results of our study indicated that the piincipal 
cause of the excess uric acid in the urme of the Dalmatian was the presence 
of a renal anomaly 

Methods 

Three thoroughbred male Dalmatian dogs approximately 1 year of age 
were used in this study Two of the dogs (Nos D1 and D2) weie litter 
mates but the thud dog (No D3) was obtained fiom another kennel The 
dogs were fed on Purina dog chow Mongiel dogs fed the same food were 
used for control studies 

All uric acid determinations of either plasma or urme were perfoimed 
accordmg to the method of Folin (4) Creatinine determmations were 
done according to the method of Fohn and Wu (5), and allantoin in either 
plasma or urme was analyzed accordmg to the method of Christman, Fos- 
ter, and Esterer (6) as modified by us (7) 

* Aided by grants from the United States Public Health Service and the Wine 
Institute 
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All rCnal clearances (uric acid, allantoin, and creatinine) u ere ascertained 
on anesthetized dogs as described m a previous report (8) 

Results 

Blood Concentrahon of Unc Acid and Allantoin — ^The unc acid content of 
the blood plasma of three fasting Dalmatians was determined twenty two 
times Nine similar determinations also were made on the plasma of four 
non-Dahnatian dogs It was found (see Table I) that the average plasma 
uric acid concentiation in the three Dalmatians was 0 58 mg per 100 cc 
(or 0 20 mg of uric acid nitrogen pei 100 cc ) The average plasma unc 
acid concentration of the non-Dalmatian dogs v as 0 33 mg per 100 cc 
(or 0 11 mg of uric acid nitiogen pei 100 cc ) The average plasma unc 
acid concentration of the Dalmatian was significantly higher than that o 

the non-Dalmatian dog . 

On the othei hand when mne determmations of the plasma allantom o 
two Dalmatian dogs were made (see Table I), the average allantom con 
centration of 0 61 mg per 100 cc (or 0 23 mg of allantom mtrogen per 
cc ) was less than the average (1 01 mg per 100 cc or 0 33 mg of allantoin 
mtrogen per 100 cc ) of the non-Dalmatian dogs 

Thus the plasma uric acid concentration of the Dalmatian was 
be higher than that of the non-Dalmatian and the plasma allantom con 
of the foimer dog was less than that of the latter When the average c 
centrations of total plasma mtrogen (derived from purmes) of hot gro 
of dogs were calculated, however, it was found (see Table I) that 
approximately the same (Dalmatian, 0 40 mg per 100 cc , non- a 

0 44) 

Exaction of Unc Acid and Allantom in Dalmatian 
Dog — ^The average amount of uric acid and allantom excrete per 2 ^ 
two Dalmatian dogs (Dog Dl, weight 20 lulos, and Dog > 
kilos) over a period of 1 hour was determmed on mne sepaia ® ° 

The same procedure also was carried out nme times on four non 
dogs (average weight 20 lalos) m 45 mg 

As was expected (see Table I), the average unc acid excr jjpprou 

01 0 15 mg of unc acid mtrogen per minute) of the Dalmatians! 

mately 11 times greater than that (0 04 mg per mmute) 0 p^j^jatian 

matian dogs However, the average allantom excretion 0 gjoount 

(0 45 or 0 16 mg of allantom N2 per mmute) was abou a jg^ved 
(0 82 mg ) excreted by non-Dahnatian dogs The toia evm 

from purmes, however, was about equal m the two tst.) was 

That IS, the average excretion of nitrogen (allantom an ^|jg non 

0 32 mg per mmute m the Dalmatians and 0 30 mg per nil pjjnnitian 
Dalmatian dogs (see Table I) In summary then, althoug 
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excreted much more uric acid than the non-Dalmatian dog, its total urinary 
axcretion of allantom iias sufficiently reduced so that its excretion of both 
purine end-products was neither higher nor lower than that of the other 
type of dog 

The above results indicated clearly that the excess uric acid found m the 
urine of the Dalmatian could not be due to an accelerated puiine metabolism, 


Table I 

Blood Conccntralion and R^nal Excretion of Uric Acid and Allanloin in Dalmatian 

and N on-Dalmalian Dogs 



Plasma 

Plasma 

Total 

Unc acid 

Allantom 


Dos 

unc acid 

allantom 

pU^a 

purme 

excreted 

excreted 

purme 


Total 

1 

1 Total 

1 N. 

N. 

Total 

1 Ns 

Total 

1 N, 

creted 

Dalmatians 


\mg per 

mg per 

inn 




mg per 

mg per 


mg per 


WuTim7:m 

IQQ cc 





min 

milt 

mm 

min 

D1 


0 17 

0 57 

iilSI 





0 16 



(9)* 

(9) 


(6) 


(6) 

(6) 

(6) 

(6) 


D2 


0 17 

0 64 

0 23 

0 40 

0 48 


0 45 

0 16 



(7) 

(7) 

(3) 

(3) 1 

1 

(3) 

(3) 

(3) 



D3 

0 74 











(6) 

(6) 



1 

1 






Average 




0 23 



0 15 

0 45 

0 16 

0 31 

1 

Non-Dalmatians 

Ml 

0 35 

0 12 

0 80 

0 28 

0 40 

1 1 

0 03 

0 01 


0 29 

0 30 


(1) 

(1) 

(1) 



(1) 

(1) 

(1) 

(1) 


M2 

0 40 

0 13 

1 35 

0 48 

0 51 

0 05 

0 02 


0 32 

0 34 


(2) 

1(2) 

(2) 

(2) 


(2) 

(2) 

(2) 

(2) 


M3 

0 25 

0 08 

0 90 

0 32 

0 40 

0 03 

0 01 


0 28 

0 29 


(5) 

1(5) 

(5) 

(5) 


(5) 

(5) 

(5) 

(5) 


M4 

0 30 

EKl 




0 03 

0 01 

0 77 

0 27 

0 28 


(1) 

1 

1 




(1) 

(1) 

(1) 

(1) 


Average 










0 30 


* Numerals in parentheses indicate the number of separate determinations 


smce the blood and mine contamed approximately the same amount of 
purme end-products as was found in the blood and urine of non-Dahnatian 
dogs Furthermore, the greater concentration of uric acid m the blood of 
the Dalmatian dog could not explain the excess uric acid in the urme, be- 
cause, as demonstrated later, artificial elevation of the plasma unc acid of 
normal dogs to levels 10 tunes higher than that of the Dalmatian still did 
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not lead to an excietion of unc acid comparable to that found m the urine 
of the latter dog 

The evidence obtained suggested that the Dalmatian either uas unable 
to convert sufficient uric acid into allantoin or that it had an unusual ahiblji 
to exaele unc amd 

In any effoit to determine a defect m the Dalmatian’s ability to convert 
uric acid into allantoin, it must be stressed that this defect would be found 
to be a comparative, not an absolute, one, because, as was noted aboie, 
about half of the puime is converted and excreted as allantoin This poa 
sible lelative rathei than absolute deficiency perhaps explains the mabibt) 
of previous investigators (2, 3) to detect a gross peculianty in the purine 
metabolism of this animal 

In order to detect any relative deficiency m the Dalmatian’s abihty to 
oxidize uric acid into allantoin, and to elunmate a possible renal factor, it 
was thought advisable to suppress renal excretion If this animal were not 
able to convert unc acid mto allantom adequately, then the unc acid would 
accumulate in the blood to a much greater extent than allantom after renal 
excretion had been abolished 

Accordingly, two Dalmatians (Dogs D1 and D2) and two non-Dalmato 
dogs weie operated upon after blood samples had been obtamed 1 ® 
ureters of each dog were exposed, then surrounded (at them junction wi 
the renal pelvis) by a thin section of latex rubber tubing (8 mm m lengtti 
3 mm m diameter) A siUc thread was placed about the rubber tubing n® 
a suture was made, completely compressing the ureter ivithm the tu Bs 
In this manner, the ureters were occluded securely ivithout any dangers 
cutting them The bladders of the dogs w'ere then cathetenzed an 
residual urme present was discarded 24 hours later, second blood 
were obtained and the dogs were reanesthetized and cathetenzed 
ureters were exposed again and the sutures compressmg them were 
leased Duiing the 24 hour period following ureteral occlusion, 
the dogs ui mated nor was any urme found m their bladder at t e 
catheterization Moreover, the kidneys of the dogs after occ usion 
distended markedly, indicating complete urmary retention t k^(lnev 
mated that approximately 50 cc of urme had accumulated m eac 
before the back pressure occasioned by the ureteral jioun 

enough to effect complete cessation of renal excretion i 
foUoivmg the release of the ureters, all animals began to voi unn ^ 

As was expected (9), the non-Dalmatian dogs exhibited no 
uric acid after the 24 hour period of renal shutdown The p 
was 0 36 and 0 39 mg pei 100 cc respectively m the two ogs 
0 25 and 0 33 mg per 100 cc 24 hours after the bilatera increased 
The plasma allantom concentration, however, of these wo 
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markedly, rising in the 24 houi peiiod from 0 5 and 1 45 to 11 35 and 16 0 
mg per 100 cc , lespectively 

Renal suppression in the Dalmatian, however, was found to effect a rise 
in both uiic •’cid and allantoin Thus the plasma uric acid and allantom 
of Dog Dl veie 0 6 and 0 7 mg per 100 cc , respectively, before, and 3 2 
and 5 7 mg pei 100 cc 24 hours after renal inhibition Likemse, in Dog 
D2, the plasma uric acid and allantom weie 0 85 and 0 9 mg per 100 cc , 
respectively, before and 2 49 and 13 4 mg pei 100 cc 24 hours after renal 
inhibition These lesults cleaily indicated that, although the Dalmatian 
dogs had the ability to convert a considerable amount of retained uric acid 
into allantom, they nevertheless exliibited a partial oi relative deficiency m 
this regard when compared to the non-Dalmatian dog Thus, ii hereas the 
non-Dalmatians were able to convert all retained uric acid mto allantom, 
one Dalmatian (Dog DI) appeared to convert only 64 per cent of its re- 
tained uric acid and the other (Dog D2) 84 per cent of it 

Renal Clearance (Endogenous and Exogenous) and Allantom m Dalmatian 
Dog — Although the anomaly demonstrated above might possibly have 
explained the higher plasma unc acid of the Dalmatian, it did not explain 
necessarily the excess unc acid in the urine Therefore, it was thought 
desirable to investigate the renal d3Tiamics of this animal 

Twenty-two uric acid and creatinine and nine allantom cleaiance studies 
were carried out on the three Dalmatian dogs Sumlarly, ten unc acid, 
creatinine, and allantom clearances were performed for control purposes 
on four non-Dalraatians 

The average endogenous unc acid clearance of the four control dogs was 
found (see Table II) to be 24 2 cc per minute or about 26 per cent of the 
creatinine clearance (92 9 cc ) The average endogenous allantom clear- 
ance (96 0 cc ), as has been described previously (8), was found to be ap- 
proximately the same as the creatinine clearance These results demon- 
strated the fact that the non-Dalmatian dog was not able to excrete uric 
acid in the same fashion e at the level of glomerular filtration) as allantom 

However, the Dalmatian dogs were found to excrete endogenous unc 
acid at the same rate as creatinine, namely at the level of glomerular Jilt) alion 
Thus (see Table II) the average unc acid clearance of Dog Dl was 88 3 cc 
per minute and the average creatmine clearance was 92 5 cc per minute 
Similarly m Dog D2, the average uric acid and creatinine clearances w ere 
86 0 and 87 2 cc per minute, respectively, m Dog D3, they were 76 5 and 
74 5 cc per minute, respectively The average allantom clearances of two 
of the Dalmatians (see Table II) w’-ere similar to those of the non-Dalma- 
tians m also being at the level of glomerular filtration 

The above discovery that unc acid probably was a glomerular filtrate 
without subsequent tubular secretion or reabsorption was confirmed when 
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studies of uric acid clearance were repeated on both Dalmatian and non 
Dalmatian dogs in which the plasma uric acid concentration had been 
raised by an intravenous infusion of uric acid (500 mg per 100 cc ) per 
formed 30 minutes before and durmg the clearance The results of these 
studies (see Table III) indicated decisively that niic acid was excreted m 
the Dalmatians as a glomeiular filtrate without subsequent tubular secre- 
tion or reabsorption Thus, despite the fact that the plasma unc acid level 
of the two Dalmatians was raised many times higher than the endogenous 
level (m Dog Dl, e ^ , a plasma uric acid concentration of 44 8 mg per 100 


Table II 


Unc Acid, Allantoin,and Crealtmne Clearance in Dalmalton andN'on DalmahanDoss 


Dog No 

No of 
clearaDcea 

Average 

urine 

\olLLme 

Average 
unc acid 
clearance 

Average 

allantom 

clearance 

Average 

creaiimne 

clearance 

Katio unc 
aadl a((aa 
loin clear 
acce 

jRatio, one 
aad-cml 
unoe 
deuioce 

Dalmatians 


! 

cc per 

cc per 

cc per 

cc per 





mw 

m%n 

mtn 

mm 

i 


D1 

9 

5 43 

88 3 

85 8 

92 5 

1 03 

0 9o 

D2 

7 

5 33 

88 0 

86 2 

87 2 

1 00 

1 02 

D3 

I 6 

2 83 

76 5 

1 

74 5 


1 03 

Average 

i 

1 

4 53 

83 6 

86 0 

84 7 

1 02 

1 00 




1 




— 


Non-Dalmatians 


Ml 

2 

4 05 

10 75 

89 5 

85 5 

0 12 

0 13 

M2 

2 

4 90 

28 00 

93 5 

92 0 

0 30 

0 dU 

M3 

5 

5 60 

30 50 

105 0 

107 0 

0 29 


M4 

1 

6 20 

27 50 


87 2 



Average 


5 19 

24 2 

96 0 

92 9 

0 24 

0 26 


All clearances are corrected to 1 eq m of surface area 


CC was obtained duiing one clearance), the uric acid 
ceeded nor fell below the creatmme clearance concoimtantly o in 
In the non-Dalmatian dogs, however, (see Table HI) despi e 
tion of plasma uric acid obtained, the clearance of unc aci nev 
the creatinine clearance Moreover it was observed that, jO 

plasma level of uric acid of these latter dogs had been raise o ^ 
times that of the endogenous level of Dalmatian ® 

acid excreted per mmute was still less than that excrete 7 
dog This last observation demonstrated that the cause o 
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acid in the latter dog’s urine was not the result of its somewhat higher 
plasma uric acid content 


Table III 


Uric Acid Clearance of Dalmatian and Non-Dalmatian Dog at High Plasma Levels of 

Uric Acid 


Dog No 

Plasma urtc 
acid 

Unne volume 

Uric acid clear 
a&ce 

Creatinine 

clearance 

Ratio unc 
acid creatinine 
clearance 

Dalmatians 


mg per IQQ cc 

cc per mtn 

cc per min 

cc per min 


D1 

10 2 

3 92 

70 0 

71 5 

0 98 

H 

12 2 

4 70 

93 8 

89 6 

1 04 


14 3 

7 10 

79 7 

90 0 

0 89 

“ 

15 8 

4 82 

86 4 

83 3 

1 04 


18 2 

7 65 

98 0 

93 0 

1 05 

(1 

1 

4 10 

98 0 

98 0 

1 00 

ft 

40 1 

3 20 

90 0 

93 0 

0 97 

(t 

44 8 

3 50 

98 0 

95 8 

1 02 

Average 


4 87 

89 2 

89 3 

1 00 

D2 

7 93 

HI 

TO 



it 

8 23 


■ill 



it 

8 90 

3 60 

mi 

100 0 


it 

10 40 

3 00 


96 5 


it 

12 20 

5 10 

90 0 

83 0 


it 

13 00 

4 20 

75 7 

68 5 

1 10 

Average 


4 70 

93 3 

90 6 

1 03 


Non-Dalmatians 


m 

4 80 

10 25 

13 40 

19 30 

23 50 

6 40 

5 00 1 

4 06 

4 70 

5 80 

37 0 

39 0 

28 3 

43 0 

44 4 

91 0 

69 5 

86 5 

73 5 

79 0 

■ 

Average j 


4 99 

38 3 

79 9 

0 49 


All clearances are corrected to 1 sq m of surface area 


DISCUSSION 

The results of the foregomg studies demonstrated that the Dalmatian 
dog did not differ from the non-Dalmatian in the production or output of 
total punne end-products, for the concentration of total punne end-product 
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mtiogen m the blood and the total quantity excreted m the unne were al 
most identical 

Moreovei, there was no quahlaltve diffeience m the purine metabolism 
of the two vaiieties of animals, but a distinct, although compaiatively 
minoi, quantitative diffeience w'as found That is, the Dalmatian dog, 
although able to form allantom, was obseiwed to be unable to convert uric 
acid into this substance as leadily as the non-Dalmatian This relative 
defect m the oxidation of uric acid w^as small enough in one of oui dogs to 
make it easily understandable wdiy formei elToits to detect changes in the 
uncase content of the Dalmatian liver might have been inconclusive 

The inability of the Dalmatian to oxidize uiic acid into allantom as 
leadily as the non-Dalmatian dog might explain the higher uiic acid in the 
plasma of the foimer animal It wmuid not explain, hoivevei, the trenien 
dous amount of uiic acid found in the Dalmatian’s mine, foi, as has been 
pointed out, the amount excieted w'as much moie than w^as found in the 
non-Dalmatian dog whose plasma uiic acid had been elevated artificially 
to a level above that of the Dalmatian’s Moieovei the Dalmatian ex 
cietes more uiic acid per kilo of body w'eight than does man (1), although 
the lattei’s blood contains about 10 tunes moie uric acid per cc than the 
Dalmatian’s 

The chief leason foi the piesence of excess uiic acid m the unne of t e 
Dalmatian was discoveied in this study to be due to the peculiai 
it has the ability, unlike any other Imown animal, to exciete uiicaci a 
the exact level of glomerulai filtiation This finding of ours is infeientia ) 
confiimed by the obseivations of both Young el al (10) and Myers an 
Planzal (11), foi, in their published data, the daily cieatinine and 
exci etions of the Dalmatian dog w ei e appi oximately the same Since 
creatinine and uiic acid concentiations in the Dalmatian’s blood 
imately equal, then equal exci etion of both substances suggests t e s 
laiity or equality of then respective clearances . 

This inability on the pai t of the Dalmatian dog to leabsoib uric aci r 
the glomeiulai hltiate undoubtedly icsults in a condition in whic i 
acid IS available m its body foi conversion to allantom and hence ess 
tom IS formed and excieted The experimental data bear ou ’’ 
assumption in that the allantom exci etion of the 
to the same extent that the uiic acid exci etion was mciease , x'l 
result that the exci etion of bolli puime end-products m the a ^ ^^^^1 

the same as that of the non-Dalmatian Furtheimore ^ the 
escape of uric acid was pi evented in the Dalmatian, it w'as oun 
retained uiic acid was conveited almost completely into a ° pjP 
facts make it seem quite likely that the fundamental , gj^^ate 

matian is its mabihty to reabsorb uric acid fiom the glom 
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It IS quite possible that, because of the unique ability of the Dalmatian 
kidney to excrete uric acid as efficiently as allantoin {i e at the level of 
glomeiular filtration (8)), there is less biological necessity for the con\ ersion 
of uric acid into al’antoin This rapid loss of uric acid by the Dalmatian 
kidney, then, may have led to a state m the process of this dog’s evolutional 
development which allowed a relative physiological deficiency in the oxida- 
tion of uric acid Certainly it seems clear that the chief anomaly of the 
Dalmatian dog resides m the kidney, whereas the deficiency in its uncase 
system appears to be merey relative and possibly only a secondaiy elTcct 
of the mitial lenal oddity 


SUMMARY 

1 The Dalmatian dog converted blood uric acid into blood allantoin less 
readily and completely than did the non-Dalmatian This, how e\ cr, w as 
a minor quantitatue difference when considered m regaid to its cITect on 
uric acid excretion 

2 The principal cause for the occurrence of large amounts of uiic acid 
m the urine of the Dalmatian was found to be due to the fact that iiiic acid 
was excreted by this animal at the level of glomerular filtration without 
subsequent tubular reabsorption or excretion This inability to reabsorb 
uric acid results in decreased retention of the latter substance in the body 
and hence decreased production and excretion of allantoin The total pro- 
duction and excretion of both purine end-products, however, was the same 
m the Dalmatian and non-Dalmatian dog 

The authors w ish to express their thanks to Catharine Shuey and Baibara 
Trousdale for technical assistance 
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THE URINARY EXCRETION OF CITRATE IN URANIUM- 
POISONED RATS* 

By FRANCES L HAVEN vnd CHALLISS RANDALL 

(Fiom the DeparCmcnt of Btochemxslry and Pharmacology, School of Medicine and 
Dentistry, The Untieistly of Rochester, Rochester, New York) 

(Received for publication. May 13, 1948) 

The increased uimary excietion of citrate following administration of 
sodium bicarbonate has been noted by many investigators (1-9) Durmg 
the course of w'ork on the effect of uianium on various metabolic processes 
we wished to ascertain whethei the kidney poisoned by uramum would 
excrete citrate to the same extent that a normal kidney does after admm- 
istration of sodium bicarbonate Surprisingly, an increased excretion of 
urinary citrate was found to occur folloivmg a single sublethal dose of 
uramum mtrate Studies of the urmary excretion of citrate followmg (a) 
a single dose, (6) mcreased doses, and (c) repeated small doses of uramum 
mtrate and the possible relationship of such excietion to the phenomenon 
of tolerance constitute the substance of this paper 

EXPERIMENTAL 

Adult Wistar strain rats were used throughout this mvestigation Each 
rat was housed m a wire mesh cage on top of a glass funnel contaimng wire 
screemng for separation of feces Beneath the funnel stem, a graduated 
cylmder contaimng toluene served for collection of urme Urmary volume, 
pH, and citric acid content were determined on 24 hour samples 

(3itric acid was determined by the method of Pucher, Sherman, and 
Vickery (10) modified as follows (1) the oxidation mixture was decolonzed 
with 3 per cent hydrogen peroxide at 10°, (2) the decolorized samples were 
shaken vigorously for 1 mmute with petroleum ether for complete removal 
of pentabiomoacetonefrom the aqueous layer (11), (3) petroleum ether was 
distilled once, allowed to stand several days over concentrated sulfuric acid, 
washed free from acid with distilled water, and redistilled, (4) dioxane was 
used as the color stabilizer (12) , (5) coloi was developed by use of a sodium 
sulfide solution consistmg of 4 gm of NaaS QHaO per 100 ml of water 

* This pa-per is based on. ^^ork performed under contract No W-7401-eng-49 for the 
Atomic Energy Project at The University of Rochester and is taken from the thesis 
submitted by one of us (C R ) to The University of Rochester in partial fulfilment 
of the requirements for the degree of Master of Science, June, 1946 

Presented at the Thirty seventh annual meeting of the American Society for Phar- 
macology and Experimental Therapeutics at Chicago, May, 1947 
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Among numerous substances tried by Puchcr and others, the only one 
found to enhance the color given by citric acid in this method was jS-hy- 
droxybutync acid In view of this fact, determinations of jS-hydroxy- 
butync acid were earned out by the method of Behre (13) on samples of rat 
ui me known to be high and low, respectively, m citric acid No jS-bydroxy- 
butyric acid was found, therefore, it may be assumed that this substance 
did not contribute to the values reported as citric acid 
All doses of uranium nitrate, UOaCNO^)! GHjO, xx ere administered intra 
peritoneally m aqueous solution The single dose consisted of 25 mg of 
the hoxahydiate pei kilo, a sublethal dose When increased doses xvere to 
be given, an initial dose of 0 5 mg of the salt per kilo xvas administered 
14 days later a second dose of 0 5 mg per kilo xxms given Thereafter the 
dose was doubled every 12 days until the rat died By this method toler- 
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Ftg 1 Relationship between the mortality folloning an intrapentoneal tes 

(5 mg per kilo) of uranium nitrate and the size of the preceding repeated intrape 
toneai dose in adult female rats The number of animals per point is g 
in parentheses 

ance to ordinarily fatal doses has been produced in rats MepeaUd sim^ 
doses of t\xo different sizes were employed, one consisted of 0 3 
kilo, an amount found to protect rats from a test dose of 5 mg per 
which would have been lethal had no previous treatment been 
other consisted of 0 II mg per kilo, xvhich had been found to be oo 
to prevent mortality folloxvmg the test dose (Fig 1) The repe^a 
xxmre given in a program of eleven injections, one every o 
22 days 


The ex- 

Exoehon of Citrate Following Single Dose of Uranium for 

cretion of citrate (mg of citric acid per 24 hours) and t e ® gjj. 

a typical rat before and after 2 5 mg per kilo of uramum 
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ministered are shown in Fig 2 In 3 days after injection the exeretion rose 
to 3 to 4 tmies the normal level By the 6th day excietion had returned 
to normal This was followed by a secondary rise 4 days later to 3 to 4 
tmies the normal level, and was maintained for at least 8 days The body 
weight decreased fiom the time the animal received the dose of uranium 
nitrate until the secondary rise m citrate excretion began and then 
increased 

Excielion of Cttiaie during Admimst) aiion of Inc) eased Doses of Uranium 
Nib ale — ^The excretion of citiate for one rat befoie and during the admm- 



Fia 2 The urinary excretion of citrate expressed as citric acid (mg per 24 hours) 
(• ) and the body weight (gm ) (O) of an adult male rat following the mtraperitoneal 
administration of 2 5 mg per kilo of uranium nitrate 

istration of mcreased doses of uramum nitrate is shown in Fig 3 The 
output of citrate increased folio iving the imtial dose of 0 5 mg per kilo and 
was significantly higher than normal each time a larger dose was given 
The final dose of 16 0 mg per kilo was 3 times the fatal single dose of 5 mg 
per kilo, thus a high degree of tolerance had been attained Sunilar results 
were obtained for a second rat 

Excretion of Cilnc Acid during Administration of Repeated Small Doses of 
Uranium Nib ate — The excretion of citrate during repeated administration 
of 0 33 mg per kilo to one rat and of 0 11 mg per kilo to another rat is 
shown m Fig 4 Durmg repeated mjections of 0 33 mg per kilo the ex- 
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0 87 gm of sodium chloride, and 600 7 of uranium To the experimental 
solution were added 1980 mg of citric acid The pH was adjusted to 5 0 
and the volume to 100 ml Both solutions wei e filtered through a collodion 
membrane, and citric acid and uianium were determined on the protein- 
free filtrates No uramum was found in the control filtrate, while m the 
experimental filtrate 81 per cent came through the membrane Thus the 
uranium-citrate complex is diffusible, and citrate can prevent the combi- 
nation of uranium with protein at a pH as low as 5 0 Kat urines after 
poisoning have never been more acid than this 

In the light of the evidence presented above citric acid might play an 
important r61e in tolerance to uiamum If citrate in the kidney tubule is 
effective in combating uranium poisomng, rats mjected with uranium m 
trate when the uiinary citrate is elevated should be able to survive larger 
doses of the poison Both indirect and diiect evidence m support of this 
assumption has been obtained 

In expeiiments designed to test the best method of making rats tolerant 
to fatal doses of uramum nitrate, inci eased doses weie given to one group 
at 10 day intervals and to a second gioup at 20 day intervals The 10 day 
interval proved to be supeiior to the 20 day interval for pioducing tolerance 
Examination of Fig 2 reveals that at 10 days after a single injection of 
uranium nitrate the excretion of citrate had begun to rise, while at 20 days 
the excretion was falling More direct evidence is obtamed from Fig 3, 
W'here it will be seen that each time an inci eased dose was given the e\ 


cretion of citrate was high 

In spite of the fact that the excretion of citrate was high when each dose 
was given (Fig 3), no gi eater percentage of the dose was excieted in t e 
48 hour peiiod after each inci eased dose than in the same period after a 
single dose Moreover, the kidneys of rats made tolerant by repeate 
doses have been found to contain sigmficantly smaller amounts of uramuiU) 
expiessed as percentage of the total dose, than the kidneys of lats given 
single dose Smce the amount of uramum excreted m the urme is epen ^ 
ent on the amount which filteis through the glomerulus, the presence 0 ^ 
citiate m the tubule would not be expected to increase the 
uramum but would prevent the toxic action of uramum by preyentoo 1 

combination with protein Because uramum is not excreted in aigeyP^^ 

poitions and is present in kidney in lesser amounts m 
than, following^a single dose, it is logical to assume that the uranium 
complex formed in the tubules is returned foi the most part to 
where the uramum, having formed a complex either as bicar odu e 
rate, would be carried to the bones and deposited (14) . , ^ ^ toler- 

Additional evidence m support of the postulated role of ci ^ 
ance is obtamed from the studies of citrate excretion fo owin 
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doses (Fig 4) During the repeated dosage with 0 33 mg of uranium 
nitrate pei kilo, a dose and method knosvn to produce tolerance to uranium, 
as IS shown in Fig 1, the excretion of citrate rose and was about twice the 
normal when the test dose of 5 mg per kilo was given On the other hand, 
the dose of 0 11 mg per kilo which was too small to produce toleiance 
(Fig 1) caused only a transitory use in excretion of citrate which had re- 
turned to normal by the time the fatal dose of 5 mg per kilo was given 
In conclusion, the available evidence indicates that the presence of ci- 
trate in the kidney tubule in concentrations above normal may account for 
acquired tolerance to the toxic action of uranium 

SUMMART 

1 Folloivmg administration to the rat of a single intrapentoneal dose of 

2 5 mg of uianium mtrate per kilo, the urinary excretion of citrate rose in 

3 days to 3 to 4 times the normal level, return to the normal level was fol- 
lowed by a secondary rise of equal magnitude 

2 When a rat received increased doses of uranium nitrate at 12 day 
mtervals, the urinary excretion of citrate was high each time a larger dose 
was given 

3 At the tune of administration of 5 mg of uranium nitrate to a rat that 
had previously received eleven injections of 0 33 mg per kilo (a dose which 
causes tolerance) the excretion of citrate was twice the normal, when the 
repeated small dose consisted of 0 11 mg per kilo (a dose too small to cause 
tolerance), the urmary excretion of citrate was normal at the tune the dose 
of 5 mg per kilo was given 

4 As an explanation for acquired tolerance to uramum, high concen- 
trations of citrate within the kidney tubule appear to result m formation of 
a soluble complex with the metal and thus protect against the toxic action 
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Although the pink-colored complex is converted to the yellow compound 
on addition of aU^ali, these compounds are not in d 3 Tiamic equilibrium mth 
each other Addition of alkali causes the disappearance of the 510 mp 
peak, but the 460 m/i peak does not form until several minutes later 
For the puipose of analytical determination it is apparent that the pH 
had to be controlled in older to obtain a color with consistent extinction 
coefficient at one of the pealcs A piocedure was developed, therefore, for 
the determination of citiic acid m serum with the 460 mp peak and pH 11 
In one procedure developed, citiic acid is converted to pentabromo 
acetone as previously desciibed,* and the pentabromoacetone is extracted 
from the petroleum ether layer with a 4 per cent thiourea solution in a 
buffer of pH 7 Before readmg the color, the pH is brought to 11 with 
NaOH solution For micro quantities (1 to 10 y) of citric acid the colors are 
read m the Coleman spectrophotometer with the 3 ml capacity cuvettes 
and a 5 cm light absorption path For the Beclonan spectrophotometer 


the color is developed m 1 ml of solution and is read in the micro cups 
A modification which has recently shown itself to be suitable and sunpler 
IS to extract the pentabi omoacetone into a solution containing 4 per cent 
thiourea and 2 per cent borax oi sodium p 3 rrophosphate, the borax or 
sodium pyrophosphate maintammg the pH at 9 2 In this manner the 
extraction time is less and the color may be read diiectly rvithout changing 
the pH The peak with a borax buffer is at 445 mix and not at 460 m;i as 
with the phosphate buffer at pH 11 The extmction coefficient, however, 


IS approximately the same " 

The extinction coefficient plotted against wave-length for the tluourea 
pentabromoacetone colors is lUustiated in Fig 1 foi pH 11, 9 2, and 7 
For micro quantities of citric acid (0 2 ml of serum) commercm 
available 2 ml Pyrex volumetric flasks, test-tube shape, with groun o 
stoppers, were utilized for the exti actions A maik was sciatched on ea 
tubes at 0 4 ml with a diamond pencil The stoppers were groun m^^^ 
hand, a Palo-Myers grinding paste being used to prevent leakage > 


grease was also used for this same purpose p 2 

A standard curve mdicatmg that Beei ’s law is foUowed is shown m 
To prepare the standard curve, dilutions of the citric acid stoc '■ ^ 

are made The same procedure is followed as is described foi ^ 
that the precipitation with trichloioacetic acid and the boi mg ° gf 
omitted In determining the total amount of citric acid in t e s 
unknown the results obtained fi om Fig 2 must be multiphe y 
rect for the 5/6 aliquot taken after piotein precipitation 

The curve as plotted from determmations on knoivn amoun present, 
acid actually represents 10/13 of the total amount of penta 

because a 10/13 aliquot of the petroleum ether, which con 


bromoacetone, is taken 




Fta I Absorption spectra of the pentabromoacetone thiourea complex at pll 7 0, 
9 2 and 1 1 0 uitii 10 y of peutabromoacctoue made up lu 3 5 ml of the buffered 4 per 
cent thiourea suluiiun 



Tin 2 St indard curve obtained by ploUinK optical dersity against concentration 
of citric acid at -145 ma in the Coleman spoc-trophotometer with 3 ml cuvettes uith a 
5 cm light path, pll 9 2 
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The proceduies described have been used routinely m this laboratory for 
determination of citiic acid for several months When larger amounts 
of blood are available, the method may be adapted for determination m 1 
ml of seimn In this case the ordinary colorimeter (Klett) may be used 
with a No 44 or No 47 filter 

The specificity of the method is similar to that found for the sodium 
sulfide color No measurable mterference was found when aconitic acid, 
glucose, acetoacetic acid, hydroxybutyric acid, acetone, or pyruvic acid 
was added in amounts up to 50 mg in determinations on 0 2 ml of serum 

This procedure has advantages over the sodium sulfide method m that 
the coloi IS stable at room temperature and smaller quantities may be 
determmed, for the extinction coefficient is approximately twice that of the 
sodium sulfide color 

Typical results as obtamed on four consecutive determmations are given 
m Table I 


Table I 


Delermtnalion of Cilrtc Actd tn 0 2 Ml 


of Blood Serum 



Method 

Eeagents — > 

Ctlnc actd Stock solution, 1 ml = 1 mg of anhydious 
(analytical reagent), made up m 1 n H2SO4 This solution is dilute 
with water daily to prepare the dilute standard, 1 ml = 10 7 
Sulfunc acid 18 n (analytical reagent) , 

Potassium bromide-hromine reagent Distilled watei is satura ^ 
bromme The saturated bi ormne water is decanted from the 

this solution, KBr (reagent grade) is dissolved to make it 1 N wi 
to KBr - gj, ggflt 

Hydrogen peroxide 6 per cent, made by diluting 10 ml 0 
H2O2 (analytical leagent) to 50 ml This solution is store la 

erator ’ ^ f ic allowed to 

Petroleum ethei , h p 90-100° The commercial produce 
stand over 0 1 of its volume of concentrated H2SO4 for severs 
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sulfuric acid is separated and the petroleum ether is washed several times 
with fresh sulfuiic acid until the washings are colorless The petroleum 
ether is shaken with satuiated KMnO^ solution made up m 0 5 n H 2SO4 
The mixture is shalcen and allowed to stand for 30 minutes and the KMn04 
13 washed out with watei The petroleum ether is allowed to dry over 
KjCOj (anhydrous), filtered, and distilled, the 90-100° fraction bemg 
collected 

KMnOi solution 5 pei cent (leagent giade) 

Thiourea solution, pH 9 2 2 gm of Borax (analytical grade) are dis- 

solved in 100 ml of 4 per cent thiouiea 

ProccUm e — 0 2 ml of seium is placed in a 3 ml centrifuge tube and 1 ml 
of 10 pel cent tiichloioacetic acid is rapidly blown m to piecipitate the 
piotems m fine particles Tow’aids the end, the pipette is allowed to dram 
m 01 del to obtain an accuiate measurement The mixtuie is shaken and 
allowed to stand foi 10 minutes The tubes are stoppered and then centii- 
fuged at 2500 r p m The supernatant liquid is poured oft as^completely as 
possible mto a clean test-tube, without distuibmg the piecipitate A 1 ml 
aliquot IS taken and placed m a 3 ml test-tube with a giound glass stopper 
(2 ml Pyrex volumetiic flaslvs, test-tube shape) with a maik at 0 4 ml 
0 04 ml of 18 N HjS04 is added and the solution is evaporated to the 0 4 
ml. mark by placing the tube in an oil bath maintamed at 100-120° 0 04 ml 

of the ICBi-biomme solution is added to the cooled solution and the mL\- 
tuie IS allowed to stand foi 10 minutes 0 1 ml of the 5 pei cent EMn04 
solution IS added The tube is shaken and allowed to stand foi 10 mmutes 
It IS then cooled to appioximately 10° by placing the tubes m the ice box 01 
m an ice bath The excess peimauganate is decolorized with appi oximately 

2 drops (0 03 to 0 06 ml ) of cold 6 per cent hydiogen peroxide 1 3 ml of 
the purified peti oleum ethei is added to the tube from a burette, and the 
tube IS stoppered wuth a mmimum of silicone grease The pentabiomo- 
acetone is then extracted by shalong m a machme foi 10 mmutes The 
tube IS centiifuged for 5 mmutes at 2000 r p M A 1 0 ml ahquot of the 
petroleum ether layer is taken and placed m a 7 to 12 ml glass-stoppered 
centrifuge tube 

3 5 ml of the thiourea solution, pH 9 2, are added, and the tube is 
stoppered and shaken m a shaking machme for 5 mmutes The tube is then 
centrifuged at 2000 r p m for 5 mmutes The petroleum ethei layer is 
aspirated off and enough of the aqueous phase to be read is pipetted mto the 

3 0 ml cuvettes wnth a 5 cm light absorption path The density is read 
m the Coleman spectiophotometer at 445 mp The color is read agamst a 
thiourea buffer solution which has been treated m a manner similar to the 
unknown {i e , extracted wnth petroleum ether and centrifuged) A read- 
ing IS taken at 650 mju so as to correct for the difference m cloudmess be- 
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een the unlcnown and blank Most often the cloudiness correction is 
negligible 

Two standards, 4 and 6 y content, are run to check the standard curve 
w ith each set of determinations The slope of the standard curve may vary 
slightly fiom day to day if marked changes in room temperature occur or if 
the pH of the buffer should change This is noted and corrected for by the 
use of the standards 


SUMMARY 

1 A colorimetric method is described for determimng citric acid in 
biological fluids Citric acid is converted to pentabromoacetone which is 
allowed to leact w’lth thiourea 

2 Thiourea and substituted thiouiea compounds produce colored com 
plcxes when allowed to react with pentabromoacetone The nature of the 
color produced varies with the pH of the solution 

3 The method is accurate within 5 per cent for amounts langingfrom 
1 to 20 7 of citi 1 C acid as determined by recoveries added to serum The 
intensity of the colors obtamed with changem concentration follows Beers 

law 
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Eaily ^YOlk on the stiucture of peniciUm quickly yielded information 
concerning the identity of the fragments which may be obtained through 
hydiolytic cleavage of pemcilhn Such knowledge made possible a system- 
atic study of the course of pemcilhn biosynthesis It seemed probable 
that the fermentative production of pemcilhn might be limited by the 
capacity of the mold to form adequate amounts of essential intermediates 
To test this thesis a comprehensive study was begun to determme whether 
degradation products, proposed metabolic intermediates, or similar sub- 
stances might be capable of stimulatmg the production of pemcilhn by the 
mold by acting as precursors In this search we have been successful, the 
pemcillm yield may be substantially increased by makmg certain additions 
to the media 

Studies carried out m the Northern Regional Research Laboratory (I) 
had previously shown that the addition of small amounts of phenylacetic 
acid to the medium stmiulated the production of pemcilhn m surface cul- 
tures but had httle effect on the yields obtained m submerged cultures 
An effort by these workers to demonstrate an mfiuence on the type of pem- 
ciUm produced was unsuccessful (1) ' 

This effect of phenylacetic acid was regarded m many quarters as a prob- 
able stimulation by a plant hormone-lili.e substance In contrast, we held 
it likely that phenylacetic acid acted as a precursor m surface culture, and 
it was suggested that some other substances would fulfill a similar function 
for submerged cultures A considerable number of derivatives of phenyla- 
cetic acid have been found to be effective m stimulatmg the production of 
pemcilhn m submerged cultures As has been pointed out, phenylacetic 

* Present address, University of California, Los Angeles, California 

t Present address. Department of Chemistry, National University of Peking, 
Peiping, China 

^ It 13 evident that direct utilization of phenylacetic acid by the mold for penicillin 
formation will lead to the formation of benzylpenicillin, in which the acyl portion of 
the molecule is the phenylacetyl group 
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acid was not effective m submerged cultures with mold stiains tested at the 
mception of this work However, following the mtioduction of new and 
higher yielding strains, many compounds were retested, and it was found 
that phenylacetic acid is utilized by some of these strains (e g Penicilhum 

chrysogenum Q-176, X1612) 

Early efforts to obtain leads concermng the types of 
could influence pemcilhn production were made with strain NR 
Eoi these tests a suboptimal synthetic medium was used, desired to supply 
sources of energy for the mold but not to aUow optimal pemciM f oma ion 
Control flasks usuaUy produced about 15 to 20 imits of penicillin per m 
48 hours The test compound was added to such a medium m 

concentration Complete conveision of the precursor ° 

yield a broth assaying 475 units per ml , utihza.tion o o y o 
racemic compound would yield one-half this value A ^^^ed 
of the mold, which had been grown m steep medium, serv^^as 

moculum This test method was designated the low ^ 

It was realized, however, that a stimulation o yie ™ j medium 
could be mterpreted as being due to a second 

rather than to the effect of a direct precursor ^as more 

test, designated the “high” (H) method was used „piJed 100 to 120 
complete It included com steep sohds, and 

umts per ml In general, the two methods S^ve co p , pro- 
compounds that stimulated production m Metho a so , 

duction when tested by Method H Addition^y, i jjjg 

substances contaming isotopic elements to obtam ^ Tliese 

stimulating compounds actually functioned as pemci n p 
latter experiments are described in Paper II of this d 

Table I pieaente the effect of a uumber of compounds on thej 
pemcillm More e^nsive data may be found m the men 

peniciUm (2) , u w ryf the mold to utilize com 

Marked specificity was evident m the ability „rnide portions of 

pounds This specificity apphed to both the acy gg m the acyl 

the test compounds It has been determined a ijjmtations m 
portion of the molecule are of importance becau peniciUu^ 

mold’s metabolic abihty to mcoi-porate these grou used m 

molecule We may therefore conclude that un contain ben- 

these tests the mold probably does not form peni ^ that a 

zoyl or ^-phenylpiopionyl groups ’ “J tion m yield T*'® 

7 -phenylbutyiyl compound provided good sti 

‘Assays were obtained by the plate ^g^gfays p^fonned by Dr J ^ 

209P We acknowledge with thanl^ the num monograph (- 

McGuire The method is described m detail m P 
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cilhn formed wlien N-( 2 -hydrovyethyI)- 7 -ph.enylbutyramide was used as 
the precuisor was isolated and identified as benzylpenicillin This was 
mterpreted as evidence that phenylbutyryl compounds aie degraded by the 
mold with the loss of 2 carbon atoms Pi oof of this interpretation is pro- 
vided m Paper IV in this senes (3) 

Table I 

Effect of Various Compounds on Penicillin Production 
The tests were performed with strain NRRL 1976 Compounds were added at 


0 0008 M concentration The numerical values represent the ratio, units in test 
container to units in control container The following values were obtained with 
the “high” method 

N -Phenylacetyl-L-valine 

1 

42 

Phenylacetic acid -p nn-valine 

1 

0 

N -Pheny lacetyl-D -valme 

1 

0 

N -Phenylacetyl-L-alamne 

1 

0 

N-Phenylacetylglycine -p N acetyl-nn- valine 

1 

0 

N-Benzoyl-DL-valme 

1 

0 

N -jJ-Phenylpropionyl-DL-valine 

1 

0 

N-o^-Phenylbutyryl-DL-vahne 

1 

26 

N-(2-Hydroxy ethyl) -pheny laoetamide 

1 

57 

N-(2-Aminoethyl)-phenylacetamide | 

1 

66 

2'\ininoethyl phenylacetate hydrochloride 

1 

26 

N -Allylpheny lacetanude 

1 

48 

N -Crotylphenylacetamide 

1 

94 

Phenylacetylated pancreatic digest of casein (125 mg %) 

1 

46 

N -^-Methylallylphenylacetamide 

1 

24 

N - 7 , 7 -Dimethylallylphenylacetamide 

1 

21 

N - (2- Acetoxyethyl) -phenylacetaimde 

1 

41 

N-(2-Butyroxyethyl) -phenylacetaimde 

1 

46 

N - (2-Isocapro\yethyl) -phenylacetaimde 

1 

29 

N-(2-EthoAy ethyl) -phenylacetamide 

1 

20 

N - (2-Pentenyl)-phenylacetamide 

1 

28 

N-(2-Ethyl-2-hydroxybutyl)-phenylacetanude 

1 

0 

N - (2-Hydroxy -2-phenylethyl) -phenylacetamide 

1 

0 

Butyl DL a-phenylacetylanuno n-valerate 

1 

15 

N - (2-Hydroxy-2-methylpropyl) -phenylacetamide 

1 

1 


The reasons for the marked specificity of the mtrogen moiety have not 
been determmed It has become evident that m these compounds this 
portion of the molecule is not directly incorporated mto the pemcilhn Its 
function, therefore, appears to be an mdirect one and may be concerned 
ivith the availabihty of the acyl group to the mold 
The effect of vanation m the concentration of a precursor is illustrated 
m Table II At concentrations of 0 01 per cent or less, it was still possible 
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to demonstrate, by the differential assay method,’ that the precursor 
affected the type of pemcdlm produced 

Many of the compounds which were tested as precursors for benzylpem 
cilhn do not appear to have been previously described They are presented 
m Table IV 


EXPERIMENTAL 

Methods of Testing Precwsors 

Low (L) Method — ^The vegetative inoculum was groivn in cotton stop- 
peied 1 hter Eilenmeyer flaslcs contaimng 200 ml of a culture medium con 
sisting of 20 gm of lactose, 20 gm of com steep solids (American ^laize 
Products), 0 5 gm of monopotassium phosphate, 0 25 gm of magnesium 
sulfate heptahydrate, 2 gm of sodium nitrate, and 0 02 gm of zmc sulfate 
heptahydrate per hter Seedmg was accomplished ivith 0 5 ml of a spore 
suspension of Pemcilhum notatum, stram NRRL 1976 As a source d 


Table II 


Effect of N-Phenylacetyl-v>i.-valine on 


Concentiation 

Molarity 

per cent 


Control 

0 

0 01 

0 00038 

0 02 

0 00076 

0 04 

0 00152 


Strain NRRL 1976 

I Units per ml 


IID 

129 

195 

182 


spores the mold was gionm on Moyei and Coghdl’s sponilation m um 
m test-tube slant cultures Suspensions of the spores were prepare 
adding 10 ml of water and bmshmg off the spores with a 
The culture was mcubated for 3 to 5 days at 24® vuth contmuous aoi 
on a reciprocating shaker (3 mch stroke, 100 strokes per mmutej 
end of this peiiod the bioth was removed from the well forme 
sterile filtration The pellets were washed once with sterile va 
suspended m 100 ml of a medium contammg 1 gm of 
phosphate, 1 gm of dipotassium phosphate, 1 gm of magnesn 
heptahydrate, 2 gm of sodium nitiate, 10 gm of lactose, an 
zmc sulfate heptahydrate per hter and adjusted to pH o ^ 

The pellets and mechum from one flask were subdivi e m 
portions and were placed m 300 ml Erlenmeyer flasm buffer, pH 

flasks, used as a control, were added 5 ml of 0 02 M phosphate 

* The differential assay is the ratio of antibacterial ^bich re defined 

Staphylococcus aureus compared with that for pure benzy pc 
asl 00 
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6 5, and 15 ml of ater To the other three flasks wei e added the three sets 
of constituents to be tested Each of the substances (0 00004 mole) to be 
tested m a given flask was dissolved in 5 ml of 0 02 m phosphate buffer, 
pH 7 0, and 5 ml of water, and was adjusted to pH 6 5 This test solution 
was introduced into the Erlenmeyer flask through a Seitz filter, followed by 
10 ml of water The set of flasks was shaken at 24° and samples were re- 
moved at smtable mtervals for testing Duplicate experiments were per- 
formed 

High (H) Method — 100 ml of medium (containmg 25 gm of lactose, 20 
gm of American Maize com steep solids, 2 gm of calcium carbonate, and 
0 044 gm of zinc sulfate heptahydrate per htei) m a 1 hter Erlenmeyer 
flask were inoculated with 1 0 ml of a spore suspension of strain NRRL 
1976 The flask was shaken for 2 days at 24° 10 ml of the germinated 

spores veie then mtroduced mto each of a series of 300 ml Erlenmeyer 
flasks contammg 40 ml of a medium, double the concentration of constitu- 
ents m the origmal flask, to which had been added 25 ml of water and 5 
ml of 0 02 M phosphate buffer, pH 6 5, containmg 6 4 X 10"® mole of the 
test substance Control flasks without addition of precursors generally 
yielded 100 to 120 units per ml in 4 or 5 days 

Penicillin from N~(2-Hydroxtjetkyl)-y-phenylbuttjramide — ^The precursor 
(166 mg ) was added to a broth contaimng 25 gm of lactose, 20 gm of corn 
steep solids, 2 gm of calcium carbonate, and 0 044 gm of zinc sulfate 
heptahydrate per hter 225 ml of broth m each 1 hter Erlenmeyer flask 
weie moculated with 0 5 ml of a spore suspension of Penicillium noiatum, 
stram NRRL 1976 The flasks were shaken at 25° for 5 days and har- 
vested 5 4 hters of cold filtered broth, 150 units per ml , were extracted at 
pH 2 2 with 3 2 hters of cold amyl acetate The amyl acetate v as sepa- 
rated (m some mstances the emulsion separated on standmg for ^ houi , in 
other cases use was made of a small Sharpies supercentrifuge), and the 
sodium salt was prepared by stirring with three 50 ml portions of 0 1 n 
sodium bicarbonate solution The pH values of the aqueous extracts v ere 
in the range 6 9 to 7 2 An ethereal solution of the penicillm was prepared 
by acidifying the chilled aqueous solution to pH 2 1 mth 10 per cent phos- 
phoric acid and extracting with three 50 ml portions of alcohol-free ether 
Assay of a sample of the ethereal solution mdicated the presence of 455,000 
units of pemcillm 

A column was prepared for chromatographic purification of the peniciUm 
50 gm of dry silica (a suitable material may be obtamed from the G Freder- 
ick Smith Chemical Company, Columbus, Ohio) were thoroughly mixed 
ivith 42 5 ml of 1 5 M potassium phosphate buffer, pH 6 2 The silica, 
which still retamed a dry appearance, was suspended m ether and trans- 
ferred to a glass tube 1 mch m diameter Glass wool n as used at the bottom 
of the tube to retain the sihca Additional ether was used in transferrmg 
the sihca and a few pounds of air pressure were apphed to obtam proper 
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packing Care was exercised to keep excess ether on the column at all 
times The etheieal solution of the penicillin was carefully poured into the 
column, followed by successive 100 ml portions of ether containmg 0 5, 1, 
15,2,2 5, and 3 per cent Of methanol The ether effluent was collected m 
100 ml portions At the conclusion of the development of the column the 
ether was allowed to diain from the sihca The sihca was removed m h inch 
cuts and the pemeiUin was recoveied fiom the portions of silica and etlier 
by extraction with 0 067 m phosphate buffer of pH 7 0 Assays on the 
various fractions mdicated the distiibution shown m Table III 
Fractions S-6, S-7, and S-8, containmg 60 per cent of the recovered units, 
were combined, exti acted with three 40 ml portions of cold chloroform at 
pH 2 2, and were fiuther purified by use of a chloroform-phosphate buffer 
(pH 6 2) column The development of the column was carried out vnth 
successive 100 ml portions of chloroform contammg 1, 2, and 3 per cent 


Table III 


Dislribution of Penicillin from N-(3-Hijdroxyethyl)-^-phenylbutyramidv on Fther 
Buffer (pH 6 2) Chromatographic Column 


Fraction 

Units 

Fraction 

S-1 

14,600 

S-IO 

S-2 

5,000 

S-11 

S-3 

5,000 

P-7 

S-4 

None 

F-6 

S-5 

5,400 

F-5 

S-6 

92,000 

F-4 

S-7 

152,000 

P-3 

S-8 

42,600 

P-2 

S-9 

47,000 

P-1 


Umls 


40.000 

28.000 
40,400 

7,500 

6,600 

5,000 

None 


methanol 218,000 units were recovered m a smgle sharp ^ 
penicillin was exti acted from the buffer solution ivith ether at p 
the sodium salt was piepaied with 0 1 n sodium hydroxide 
aqueous solution was dried from the frozen state, and the resultmg 
drum salt was treated with 1 ml of acetone Partial solution ° 
by reprecipitation occurred This precipitate was washed iii 
portions of dry acetone and was crystallized fiom 2 ml o P ^ 
acetone by addition of 4 ml of dry acetone It was leciys a 
similar manner 


Analysis — Sodium 7-phenylpropylpemcilhn, CisHjiN.OjSNa 
Calculated C 56 23, H 5 51, N 7 31 
Sodium benzylpemcillin, CisHnN.OiSNa 

Calculated C 53 92, H 4 SO, N 7 83 
Found “ 53 47, “ 4 51, “ 7 85 
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The material issaycd 1630 umts per mg and gave a differential assay value 
of 0 99 These pioperties mdicated that the pioduct was benzylpenicillm 

Pi cpai alton of Phenylacelylated Protein Hydi olysates 

Pheiiylacclylated Corn Steep Solids — ^20 gm of Ameiican Maize corn steep 
solids were dissolved m 35 ml of water The solution was cooled well, made 
alkaline with 5 n sodium hydrovide solution, and 10 ml of phenylacetyl 
chloiide and 45 ml of 2 5 n sodium hydroxide solution weie added in por- 
tions with vigoious stirimg over a period of | hour After an additional 
I hour the mixture was acidified with 5 n hydrochloric acid and was shaken 
with seveial portions of ether The ether extracts were combmed, evapo- 
rated to dr3mess in vacuo, and the lesidue was dissolved m 50 ml of ethyl 
acetate and precipitated with 50 ml of petroleum ether The oily precipi- 
tate was leturned to the acid aqueous solution, which was then adjusted 
to pH 6 5 wth 5 N sodium hydroxide solution 
Phenylacelylated Casein and Liver Hydrolysates — ^A pancreatic casein di- 
gest, a papam digest of casern, an acid-hydrolyzed casein, and a pancreatic 
digest of hver were each phenylacetylated m the manner described above 
for corn steep sohds 10 gm of digest m 15 ml of water were treated ivith 
10 ml of phenylacetyl chloride and alkah 
The above hydi olysates were prepared m the folloivmg manner 
Pancreatic Digest of Liver — 4 kilos of freshly ground hver were meubated 
at 37° for 6 days "with 800 gm of freshly ground pancieas in a total volume 
of 16 hters 53 gm of sodium carbonate were added at the begmnmg of 
the reaction Toluene and chloroform were added as preservatives At 
the end of the mcubation peiiod, hydrochloric acid was added m an amount 
eqmvalent to that of the sodium carbonate, and the mixture was heated 
to 90-94° for 15 mmutes After the addition of 25 gm of Nuchar, the mix- 
tuie was filtered, and the filtrate was evaporated to dryness in vacuo 
Pancreatic Digest of Casein — 150 gm of casern were digested mth 150 
gm of mmced pancreas m a total volume of 3 hters 19 gm of sodium 
carbonate were added at the beguming of the reaction The subsequent 
procedure was the same as that described for the liver digest above, except 
that no decolonzmg carbon was used 
Acid-Hydi olyzed Casein — Casern (300 gm ) was hydrolyzed by refluxmg 
for 21 hours with 5 volumes of 26 per cent sulfuric acid The sulfuric acid 
was removed quantitatively by addition of barium hydroxide The pre- 
cipitated barium sulfate was removed by filtration and was thoroughly 
washed ivith hot water The aqueous solution was decolonzed wnth carbon 
and was evaporated to dryness in vacuo 
Papain Digest of Casein — ^Umted States patent 2,364,008 of E H Stuart 
Piepaiatwn of Miscellaneous Precursors — “Pemllic acid” was prepared 
by treating 500 umt commercial pemciUm with dilute hydrochlonc acid 
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for preparation of peniUic acid from ciystallme 
pemciUin (2) The neutralized solution was used for the test 

FeniciUoic acid” was prepared from 500 umt commercial pemciUin by 
toatment with dilute sodium hydroxide solution at pH 11 5 for 2 houn. 
ine neutralized solution was used for the test 
F^e'paralion of Benzylpeincilhn Precursor^A number of different meth 
ods (as designated m Table IV) was employed m the preparation of the 
various compounds 

Jlfe^wd A A methyl or ethyl ester of the acyl portion of the molecule was 
ea e at 100-150 for several hours with a shght excess of the appropriate 
amme The mixture was cooled and the product was recrystalhzed from 
appropriate solvents such as alcohol-ether, ethyl acetate, benzene-petro 
eim ether, etc Those products which did not crystalhze were purified as 
0 ows The solution of the compound m a solvent such as ether or ethyl 
acetate was washed successively avith dilute acid, dilute alkah, and water 
e solution was dried, and the solvent removed, finally by heatmg in a 
high vacuum 

Method B ^The regular Schotten-Baumann method was apphed to tli6 
preparation of these compounds N-Alkylphenylacetamides were purified 
as escribed under Method A N-Phenylacetylanuno acids were purified 
y precipitation from acidified solution, followed by recrystalhzation from 
appropriate solvents 

Method C~A suspension of 22 5 gm of N-allylphenylacetamide (Table 
) m 1800 ml of water at 0° was treated dropwise with a solution of 10 
gm of potassium permanganate in 300 ml of water The muxture wi> 
tered and the filtrate was evaporated to dryness m vacuo The readue, 

^ 7 gm , was recrystalhzed from ethylene dichlonde to yield 12 5 gm 
-(2,3-dihydroxypropyl)-phenylacetamide containing 1 molecule of 
of hydration 

Method D~A mnxture of 29 6 gm (0 4 mole) of trunethylenediamme, 31 
gm (0 25 mole) of phenylacetic acid, and 0 3 mole of 4 n hydrochloric acid 
was heated to 250° durmg 1 hour The melt was cooled, dissolved m 300 
ml of water, and the solution was filtered and made alkahne with sodium 
hydroxide solution The aqueous solution was extracted wnth ether an 
the ether extract was dned and evaporated, leaving N-( 3 -aniinopropy ) 
phenylacetamide as a crystalhne solid 

Method H— To a solution of 27 gm (0 2 mole) of phenylacetamide m -^00 

ml of dioxane were added 7 8 gm of potassium After aU of the metal liaa 
reacted, 18 1 gm of j3-methylaUyl chloride w'ere added, and the solution uas 
heated under a reflux for 4 hours The mixture w as filtered and the filt« e 
was evaporated in vacuo The residue was taken up m warm benzene 
The solution was filtered, evaporated, and the residue recrystalhzed se'cn 
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Table IV 

Benzylpentctlltn Precursors 


Compound 

Empirical formula 

Method 
of prep- 
aration 

Mp 

Nitrogen 

Calcu- 

lated 

Found 




'C 

per cen 

per cent 

N-(2 Hydroxyethyl) phenyl- 
acetamide 

CiqHijNOz 

A 

61 - 62 

7 81 

7 70 

N - Allylpheny lacetanude 

CiiHirNO 

B 

63 - 55 


7 92 

N-(2-Metho\yethyl)-phenyl- 

acetamide 

CnH.sNOa 

tt 

Oil 


6 93 

N- (1 -Hydroxyiaopropyl) -phenyl- 
acetamide 

Ci.HrsNOa 

A 

80 - 81 

7 25 

7 20 

N - (2-Hydro\ypropyl) -phenyl- 
acetamide 

CuHuNOi 

tt 

49 - 52 

7 25 

7 18 

N- (1 , 3-Dihydro'«y isopropyl)- 
phenylacetamida 

CuHrsNO, 

tt 

129 -132 

6 69 

6 89 

N-(2,3-Dihydro\ypropyl)- 

phenylacetanude 

CuH.aNOa 

C 

38 -40 

6 69 

6 11 

N-(3-Aininopropyl)-phenyl- 

acetamide 

C„H,.NO 

D 

97 -100 

16 08 

15 63 

N -Crotylphenylaoetamido 
N-((3-MethylaIIyl)-phenylacet- 
amide 

p p 

0 0 

B 

E 

57 - 59 
46 5- 48 


N 

a-Phenylaoetylammo-n-butyno 

acid 

- Ci,H»NO, 

B 

124 -126 

6 33 

6 44 

N - (2- Acetoxyethyl) -phenylacet- 
amide 

CirHisNO, 

F 

75 - 78 

6 33 

6 30 

N-(2 Hydroxyethyl)-phenacetur- 
amide 

CijHuNjOs 

A 

143 -144 

11 86 

12 01 

N-(2-Hydroxyethyl-2-methyl- 
propyl) -phenylacetamide 

Ci2Hi7N02 

tt 

67 - 69 

6 27 

6 75 

N-(l-Hydro\y-2 butyl)-phenyl- 
acet amide 

CriHryNOr 


54-56 

6 76 

6 82 

N - (2-Hy droxybutyl) -pheny 1- 
acetaraide 

CisHiyNOa 

tt 

57 -59 

6 76 

6 81 

N-(l , 1 -Dimethyl-2-hydroxy- 
ethyl) -phenylacetamide 

CijHnNOi 


Oil 

6 76 

6 68 

N - (2-Hy droxye thyl ) ^-phenyl- 
butyramide 

CuHiiNOj 



6 76 

7 40 

N-Ethyl-N-(2 hydroxyethyl)- 
phenylacetamide 

CiJHuNOj 


72 - 73 

6 76 

6 82 

N - (2-Ethoxyethy l)-phenylacet- 
amide 

Ci,H„NOj 

B 

47 - 48 

6 76 

6 79 

N, N-Di- (2-hydroxyethyl) - 
phenylacetamide 

CirH.jNO, 

A 

Oil 

6 27 

6 75 

N - (2-Aminoethyl) ■o'-phenylbu- 
tyramide hydrochloride 

HCI 

G 

95 - 98 

11 57 

11 78 
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Table TV— Concluded 


Compound 

Empincnl formula 

Method 
of prep- 
aration 

Up 

a-(Phenylacetylamino)-j3,j3-di- 

Ci.H.sNOj 

H 

‘C 

176 -177 

methylacrylic acid 




N-(7,7-Diinethylallyl)-phenyl- 

C,.H„NO 

E 

66-68 

acetamide 




N-(2-Pentenyl) -phenylacetamide 

Ci3Hi7^0 

B 

65-66 

N-Phenylacetj 1-DL-norvalme 

CijHitNO, 

(C 

136 -138 

N-Phenylacetyl-DL-penicill- 

CijHitNOjS 

I 

125 -127 

amine 




N-Phenylacetyl-L-pemciUamine 

CijHijNOsS 

J 

132 -134 

N -Phenylacetyl-D -penicillamine 


t( 

132 -134 

N-Phenylacetyl-DL-j3-hydroxy- 

C^HnNO, 

K 

119 -121 

valine 




N-Phenylacetyl-DL-valine amide 

CuHisNoOj 

A 

195 -197 

N-Phenylacetyl-DL-N-methyl- 

ChH,»NO, 

B 

104 -105 

valine 



52 -53 

N-Phenylacetyl-DL-valine 

CtiHuNOj 

L 

methyl ester 



214 -217 

N-Phenylacetylglucosamine 

CnHisNOe 

K 

N-(2-Ethyl-2-hydro\ybutyl)- 

phenylacetamide 

C„H.,NOs 

B 

85 “ S6 

N- (2-Butyro\yethyl) -phenyl- 

ChHmNO, 

F 

45 - 48 

acetamide 



98 -100 

N-Phenylacetyl-DL-^,0 diethyl- 

CigHsiNOs 

B 

alanine 



no -112 

N - (y-Phenylbutyryl) -D L-valine 

CitHjiNOj 

t( 

N-(2-Hydro\yethyl)-a-phenyl- 

CjtHjjNjOj 

M 

Oil 

acetylaminoisovaleramide 




N - (2-Isocaproxyethyl) -phenyl- 

C„H.jNO, 

F 


acetamide 



83 -86 

N - (2-Phenylethyl) -phenylacet- 

C,.H„NO 

A 

amide 



94 - 96 

N - (2-Hydroxy-2-phenylethyl) - 

CicHnNO. 

B 

phenylacetamide 


N 

27 -28 

Butyl DL-o[-phenylacetylamino- 
n-valerate 

CijH sNO, 


I\itro£ca 


Calcu 

hted 


Fonni 


•per cenvper ctil 

6 oil 0 90 


6 S9 
5 96 
5 24 

5 24 
5 24 
5 o7 

11 97; 
5 62 

5 62 

4 71 

5 95 

5 62 

5 3 

5 32j 
10 07 

5 06 

5 86 

5 49 

4 Sll 


7 39 
alo 
a ’I 

a’l 
a3) 
a o3 

11 

a'l 


453 

a»0 

a y) 
o6 

ai 
10 0! 

50a 

5S4 

5 69 

4 7a 


* CuHisNO, calculated, C 76 15, H 7 99, found, C 76 09, H 7 61 

tunes from benzene-petroleum ether to yield 7 5 gm of 
phenylacetamide 


Anafysis-CuHisNO Calculated C 76 15, H 7 99 
Found “ 76 47, “ 8 25 
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N-(7,7-Dimethylallyl)-phenylacetamide'was prepared in the same man- 
ner Avith 7,7-dimethylallyl chloride 

Analysis— CiiHu^O Calculated C 76 81, H 8 43 
Found “ 77 01, “ 8 74 


Method F — solution of N-(2-hydroxyethyl)-phenylacetamide (Table 
IV) m dry pyridme was treated with 1 equivalent of the appropriate acid 
anhydride The mixture was heated at 60° for several hours and then 
pouied mto ice water The resultmg oils, which soon solidified, were re- 
crystallized fiom alcohol-water 

Method G — ^Ethyl 7-phenylbutyrate was heated with excess ethylenedia- 
mme for several hours The volatile constituents of the mixture were 
removed by heating in vacuo The residue was dissolved m an alcohol- 
ether mixture, and the solution was treated ivith dry hydrogen chlonde to 
precipitate N-(2-ammoethyl)-7-phenylbutyraimde hydrochloride 
Method H — A solution of 1 5 gm of N-phenylacetyl-DL-/3-hydroxyvahne 
(Table IV) m 5 ml of acetic anhydride was heated at 70° for 1 hour, and 
then evaporated to diyness tn vacuo To the residue were added 5 ml of 
water and 6 ml of acetone The solution was heated imder a reflux for 1 
hour After removal of the acetone by distillation, a crystalhne product 
separated The material was collected on a filter, washed wth 1 1 chloro- 
form-petroleum ether, and recrystalhzed from 15 ml of acetone to yield 1 0 
gm of a-phenylacetylammo-/3 ,j3-dimethylacryhc acid 

Method I — ^N-Phenylacetyl-S-benzyl-DL-pemciUammewas prepared from 
phenylacetyl chloride and S-benzylpemciUamme by the Schotten-Baumann 
method It was recrystalhzed from ethylene dichlonde, m p 66-68° 

Analysis— C.0H23NO3S Calculated, N 3 9, found, N 3 7 

A solution of 5 gm of the N-phenylacetyl-S-benzyl-DL-pemciUamme m 
200 ml of liquid ammonia was tieated with sodium in small pieces until a 
blue color persisted The excess sodium was neutralized with a little am- 
momum chloride and the ammonia was allowed to evaporate The residue 
was dissolved in water and warmed under a vacuum to remove any residual 
ammonia The N-phenylacetyl-DL-pemcillamme was precipitated with 
hydrochloiic acid and recrystallized from ethyl acetate-petroleum ether 
Method J — A solution of 21 0 gm (0 059 mole) of N-phenylacetyl-S- 
benzyl-DL-pemciUamme m 50 ml of methanol was treated with a solution 
containmg 26 9 gm (0 059 mole) of brucme The ciystals which separated 
on standmg were collected, washed with a httle absolute alcohol, and air- 
dned They weighed 20 5 gm , m p 108-109° After three recrystalhza- 
tions fiom absolute alcohol, there nere obtained 15 9 gm of crystals of 
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constant rotation, m p 117-119°, = — 19 0° (m 1 per cent abso- 

lute alcohol solution) This salt, 14 9 gm , yielded 6 4 gm of cnide 
N-phenylacetyl-S-benzyl-L-penicillamine which after three recrystalliza- 
tions from 3 1 water-alcohol gave 5 5 gm of pure acid of constant rotation, 
m p 141-142°, [aJn® ^ = —7 5° (m 2 per cent absolute alcohol solution) 
The filtrate from the first crop of the brucme salt was evaporated in lacuo 
to diyness 200 ml of water weie added and the crystals, 20 gm , were 
collected on a filter and recrystaUized from 4 1 water-alcohol to yield 15 8 
gm of salt of constant rotation, m p 108-111°, [afo ° = —3 75° (m 4 per 
cent absolute alcohol solution) From 14 8 gm of this salt there were ob 
tamed 5 6 gm of N-phenylacetyl-S-benzyl-D-pemcillamine, m p 141-142°, 
[«]d^ * = +7 5° (in 2 per cent absolute alcohol solution) 

The N-phenylacetyl-S-benzylpenicihamines were converted to the re- 
spective N-phenylacetyl-L-pemcillamine and N-phenylacetyl-n-pemciUa 
mine as described undei Method G, above 

Method K — These compounds were prepared by the Schotten-Baumann 
method woth sodium bicarbonate 

Method L — Phenylacetyl-nn-vahne was esterified with diazomethane m 
ether The ester was reciystalhzed from ethyl acetate-petroleum ether 
Method M — Phenylacetylvaline methyl ester was dissolved m 10 parts of 
methanol saturated at 0° with ammoma After standing at room tempera 
ture for 4 days the solution was chilled The crystalhne amide was col 
lected and recrystalhzed from alcohol-water 
Method N — 10 gm of DL-a-amino-«- valeric acid weie esterified mth 200 
ml of dry n-butanol saturated with hydrogen chloride The resultmg estw 
hydrochloride was phenylacetylated wth 11 5 ml of phenylacetyl chlon e 
and dilute NoaCOa solution The resultmg oil was crystallized by cooling 
m a dry ice bath Recrystallization from petroleum ether yielded 2 7 gm 
of product 

Resolution of Phenylacetyl-Dh-valine 

Phenylacetyl-DL-vahne, 23 5 gm (0 1 mole), was dissolved in 50 ml of 
methanol and a solution of 46 7 gm (0 1 mole) of biucme m 100 ° 

methanol was added slowly to it, with constant stinmg The 
allowed to stand in a refrigerator overmght and no crystallization o 
salt occurred Most of the solvent was evaporated under reduced 
and the oily mass left wms dissolved in 400 to 450 ml of hot water 
coohng, a crop of colorless needles was obtamed which weighed 55 0 gm 
melted at 105-108° 

The crystals were lecrystalhzed five times from water, “^P., 

[«]d ^ = —9 0° (2 per cent absolute ethanol solution) The yie 
20 1 gm 
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14 gm of this salt were suspended m 100 ml of water Excess of dilute 
sodium hydroxide solution was added, and the precipitate of brucine was 
filtered off and washed several times with water The filtrate was made 
acid by addmg an excess of concentrated hydrochloric acid The precipi- 
tate was filtered and washed twice with water and air-dned overnight, yield 
4 7 gm , m p 139-140° Two recrystallizations from alcohol-water (1 3) 
gave the pure product, 3 2 gm , m p 139-140°, [ajf ^ = 4-9 6°, m 4 per 
cent absolute ethanol It gave no depression m a mixed melting pomt 
determination vnth an authentic sample of phenylacetyl-n-valine 

The filtrate from the first crop of brucine salt was evaporated to dr 3 Tiess 
under reduced pressure The residue was dissolved in 100 ml of water and 
decolorized noth a little charcoal It was evaporated again to dryness 
under reduced pressure, 100 ml of ether were added, and the sohd collected 
It weighed 15 0 gm , m p 105-108° Pour recrystalhzations from water 
gave a product of constant rotation, yield 6 0 gm , m p 106-107°, [a]^ “ = 
— 19 6° (2 per cent absolute ethanol solution) 

The salt was converted into the free acid m the same manner as the iso- 
meric compound From 6 0 gm of the salt, 1 7 gm of crude phenylacetyl- 
L-vahne were obtained, m p 130-132° After four recrystalhzations from 
alcohol-water (1 3), 0 42 gm of a product of constant rotation was ob- 
tamed, mp 137-138°, [aJn® ^ = —9 0° (m 4 per cent absolute ethanol 
solution) 

We are happy to acknowledge helpful discussions and suggestions con- 
tributed by Professor H E Carter of the University of Illinois^ The 
authors also express their gratitude to Dr G H A Clowes and Dr E C 
Kleiderer for their interest m this work The microanalyses were per- 
formed by W L Brown and H L Hunter 

SUMMARY 

1 Methods have been described for evaluatmg compounds as precursors 
for benzylpenicillm 

2 Addition to media of certain compounds containmg the phenylacetyl 
group or of certain compounds which may be converted biologically to con- 
tain this group has resulted in mcreased production of benzylpemciUm 

3 Benzylpemcilhn has been isolated after use of N-(2-hydroxyethyl)-'>'- 
phenylbutyranaide as a precursor 

4 Numerous compounds which have been tested as benzylpenicdhn 
precursors (c/ (2)) have been prepared 

■* Valuable technical assistance has been given by Charlotte Harris, John 0 Bnen, 
and Dorothea Huff 
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BIOSYNTHESIS OP PENICILLINS 

II UTILIZATION OF DEUTEROPHENYLACETYL-N^-dl-VALINE IN 
PENICILLIN BIOSYNTHESIS* 
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AND HERBERT E CARTER 
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(Received for publication, February 28, 1948) 

In Paper I m this senes (2) the stimulation of pemciUm production by 
certam compounds contaming the phenylacetyl group was reported It 
was reahzed that a stimulation of yield of this biological product folloivmg 
addition of a given substance to the medium may result from any one of 
several possible metabolic mechamsms The stimulating substance may 
act as a vitamin or giowth promoter, as a building block to be mcorporated 
into the orgamsm, or it may be required to satisfy any one of several othei 
types of metabolic requuements Thus, the early observations of m- 
creased yields were subject to vaned interpretations, and theie was need 
for proof of the direct utilization of the substances m pemciUm biosynthesis 

To piovide such proof the preparation and use as a precursor of deuteio- 
phenylacetyl-N'^-vahne was proposed (L, IS, 17) ^ Considerations m the 
choice of this particular compound included the knowledge that consider- 
able specificity was exhibited by both acyl and amide portions of the mole- 
cule, and the fact that the amide portion of the molecule contameda carbon 
skeleton similar to that in pemcillamme The deuterophenylacetyl-N^^- 
vahne was prepared m the Lilly laboratories (L, SS, 8) from deuterophenyl- 

* The work reported here in detail is briefly discussed in the monograph on peni- 
cillin (1) 

t Present address, Umversity of California, Los Angeles, California 

* The references give the number and page of reports made to the Office of Scien- 
tific Research and Development 
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acetic acid- and N*®-valine (L, 22, 1) The cultural work and preliminary 
purification were conducted in the Abbott laboratones and final punfication 
and crystallization of the pemcilhn was earned out m the Upjohn labora 
tones (U, 22, 8) The isotopic determinations were performed by Dr 
Rittenberg By means of the deuterium analysis, it was shoivn that 92 5 
per cent of the pemcilhn obtamed was denved from the precursor In 
sharp contrast the content of the isolated pemcilhn was only 2 69 per 
cent of the value expected if the phenylacetylvalme had supphed 1 mtrogen 
atom to the pemcilhn These results demonstrated that the pbenylacetyl 
moiety appeared m the pemcilhn formed, but that the valme portion of the 
precuisor was not directly utihzed m pemcilhn formation The r61e of the 
amide portion of such precursors thus remams undefined 

EXPERIMENTAL 

ahne (L, 22, 1) — ^N*®-nL-Valme was prepared by the method of 
Knoop (3) as adapted for isotopic sjmthesis by Schoenheuner and Ratner 

( 4 ) 

Ammomum nitrate prepared by the Eastman Kodak Company, contain 
mg about 32 per cent of in the ammomum moiety, was used Ammonia 
was generated from 4 0 gm (0 05 mole) of this ammomum nitrate and wM 
absorbed m 35 ml of ethanol contammgd gm of palladium black and coolw 
m a dry ice bath After absorption of the ammoma was complete, 2M 
gm (0 025 mole) of a-oxoisovaleric acid (5) m 35 ml of water were add 

The mixture of isotopic ammoma and a-o\oisovaleric acid was hjdro- 
genated under a pressure of 2 atmospheres Almost the theoretical amoffl 
of hydrogen was absorbed The excess was recovered as directed y 
Schoenheuner and Ratner (4) 

The contents of the hydrogenation vessel were treated ivith hot 
filteied, and evaporated to dryness in vacuo Ethanol was added an 
e\aporation was repeated The resultmg white, imcrocrystalhne pon ^ 
was suspended in ethanol, collected on a filter, and washed with e er 
Aftei diying, the product weighed 1 26 gm (43 per cent yield) 

jtnafysis— CoHiiNO. Calculated,’ N 12 19, found, N 12 00 

Deuierophenylacetyl-N^^-j)-L-vahne (L, 23, 8 ) — ^A mixture of 2 M ^ 
mole) of deuterophenylacetic acid (m which 41 per cent of the 
atoms m the benzene nucleus had been replaced vuth deuterium; a 
of pure thionyl chlonde was allowed to stand at room Jj- 

hours The excess thionyl chlonde, the hydi ogen chlonde, an 6 s 

’ Sample furnished by Dr David Rittenberg, College of Physicians an 
Columbia Umversity 

’ The calcidated value is based on 32 per cent N’’ 
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oxide \\cie e\ aporated at room temperature under a pressure of 5 to 10 mm 
The plienjdacetyl chloride v as dissolved m 20 ml of dry benzene This ben- 
zene solution was added diopwise over a period of 10 minutes to arapidly stir- 
red solution of 2 60 gm (0 022 mole) of the N*“- 0 L-valine in 25 ml of 26 n 
sodium hj'^di oxide solution, cooled in an ice-salt bath After the addition 
of the phenyl icetyl chloiide was complete, the cooling bath was removed, 
and the Stirling was continued for 1 hour at room tempeiature The ben- 
zene layei was sepaiated and the aqueous layei w'as washed with 50 ml of 
ether The combined benzene and ethei solutions w ere washed with two 
15 ml portions of w atei The total water solution was acidified with hydro- 
chloiic acid ^Utei standing, the precipitated oil crystalhzed The 
product was collected, washed with a little water, dried, and then washed 
with 50 ml of hot petroleum ethei (b p 60-68°) The yield of white 
crystallme sohd was 4 14 gm (84 per cent) 

Analysis — CuHnNOj Calculated,'* N 6 00, found, N 5 86 

Bemylpenicillin /) om DeuteTophenylacetyl-N^^-i>h-vahne — ^The isotopic 
precursor was sent to the Abbott laboratones w'here it was added at a level 
of 188 mg per liter to a corn steep medium moculated with Pemalhum no- 
ialuni, strain NRRL 1976 

Approximately 5 hters of filteied bioth assaying 95 umts per ml were 
chilled to 5°, acidified to pH 2 0, and extracted with amyl acetate The 
amyl acetate solution was extracted with 3 per cent phosphate buffer solu- 
tion at pH 7 0 The phosphate buffer solution was chilled to 5°, acidified 
to pH 2 0, and extracted with chloroform The pemcillm in the chloroform 
solution was converted to sodium salt by stirring with water and addmg 
sodium hydroxide dropwise until the pH reached 7 0 The aqueous solu- 
tion was dried fiom the frozen state 

This crude sodium salt was sent to the Upjohn laboratories for the isola- 
tion of the crystallme penicillin (U, 22, 8) The sodium pemcillm (352,000 
umts, assaying 234 units per mg ) was fuither purified by use of an ether- 
sihca-phosphate buffer (pH 6 2) chromatographic column (2) The four 
bands of activity that weie noted accounted for 99 per cent of the umts 
applied to the column The benzylpemciUm band contammg 191,000 umts 
was converted to the sodium salt, yieldmg 175,000 umts of material which 
assayed 790 units per mg It seemed probable that the yield of crystalhne 
product from this material would be msufficient foi adequate isotopic 
analysis Hence, 100 mg (an equal amount in terms of umts of antibiotic 
activity) of analytically puie sodium benzylpemcilhn were added ffhe 
combined material (321 mg , assaying 1150 umts per mg ) was further pun- 

* The content of D and being taken into account 
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fied over a chlorofoim-silica-phosphate buffer (pH 6 2) column All the 
recoveied activity, lepresenting 91 per cent of the appbed pemcillm, was 
in a smgle band This material was converted to the sodium salt and was 
dried from the frozen state, 3 nielding 230,000 umts assa 3 rmg 1590 umts per 
mg The product (145 mg ) was treated with dry acetone, in which it first 
dissolved, then reprecipitated, yielding 137 mg of powder The powder 
was dissolved m 0 65 ml of 90 per cent acetone Addition of 1 1 ml of dry 
acetone to the solution yielded a first crop of crystals weighmg 70 mg 
This matenal, which consisted of typical benzylpemcilhn platelets, was 
used for isotopic analysis 

Analysis— GiiEiTNiOSN& Calculated C 53 92, H 4 81, N 7 83 

Found “ 54 02, “ 5 10, “ 8 02 

An additional 38 4 mg of crystallme matenal were obtamed from the 
mother liquors of the first crystalhzation Thus a total of 108 4 mg of 
crystalhzed material was recovered from the acetone-insoluble residue 
of 137 mg 

Deuterium and determinations on the pemcillm and on a sample of 
the precursor were performed by Dr David Rittenberg The origmal 
phenylacetic acid used m the prepaiation of the precursor contained 267 
atom pel cent excess deuterium (L, 28, 3) The phenylacetylvahne con- 
tained 32 7 atom per cent excess N*® The ciystalhne sodium benzylpem 
cillm isolated (which had been diluted durmg processmg ivith an equal 
amount of non-isotopic benzylpemcilhn) contamed 5 81 atom per cent 
excess deutenum and 0 220 atom per cent excess N*® 

Calculation shows that 92 5 per cent of the benzylpemcilhn isolated was 
derived from the precursor as mdicated by the deuterium analysis 

0 0581 X 17 X 2 = 1 975 atoms of D in the isolated pemcilhn 
0 267 X 8 = 2 136 atoms of D in the onginal phenylacetic acid 
1 976/2 136 = 0 925 

In sharp contrast, only 2 69 per cent of the pemcilhn isolated was derived 
from the part of the precursor contaimng N*® 

0 0022 X 2 X 2 = 0 0088 atom of N« per molecule of isolated penicillin 
0 327 X 1 = 0 327 atom of N« per molecule of phenylacetylvahne 
0 0088/0 327 = 0 0269 

SUMMARY 

The preparation of deuterophenylacetyl-N^®-DL-vahne is descnbed 

Benzylpemcillm was isolated followmg use of this as a precinsor 
terium analyses demonstrated that the phenylacetyl portion of e pr 
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was incorpoiated directly into the penicillin In contrast, very httle 
was found in the penicillin product Therefore, the r61e of the amide por- 
tion IS still unlcnown 

BIDLIOGRi\.PHY 

1 Clarke, II T , Johnson, J R , and Robinson, R , The chemistry of penicillin, 

Princeton, chapter 19, in press 

2 Behrens, O K , Corse, J , Jones, R G , Mann, M J , Soper, Q F , Van Abeele, 

F R , and Chiang, M -C , / Biol Cheni , 176, 751 (1948) 

3 Knoop, F , Z physiol Chein , 170, 186 (1927) 

4 Schoenheimer, R , and Ratner, S , J Btol Chem , 127, 301 (1939) 

5 Chelintzev, V V , and Shmidt, V N , Ber chem Ges , 62 B, 2210 (1929) 




BIOSYKTHESIS OF PENICILLINS 
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Papers I and II m this series (1, 2) have presented data concerning the 
stimulation of biological production of benzylpenicilhn by use of appropn- 
ate precursors, mth proof that the acyl portion of these compounds (or part 
of it) appears in the pemcilhn At a very early stage of this work serious 
consideration v\ as given to the possibility of using a similar method to m- 
fluence the mold to form new penicillms Preparation of a considerable 
senes of compounds contaimng acyl groups other than those appearing m 
the natural penicilhns vas initiated It soon became apparent that the 
mold possessed an amazing abihty to utilize a wide variety of acyl groups, 
with the concomitant formation of new pemciUins These new peniciUms 
were often produced m good yields (60 to 100 per cent of the total pemcilhn 
formed) and in a number of cases have been isolated in analytically pure, 
crystalline form 

In spite of the fact that it was already known that the mold could produce 
several different natural penicilhns, senous doubt had existed concemmg 
the possibility of obtaimng new pemcilhns It is well known that most 
enzyme systems display a remarkable specificity In many cases this spe- 
cificity IS such that only a single substrate is amenable to transformation, and 
only in a few cases do enzymes demonstrably exert wide multiplicity of 
action Thus, it seemed probable that the several natural penicillins were 
formed respectively by separate enzyme systems or by one enzyme able to 
synthesize a limited number of pemcilhns 

Several criteria have been used m the evaluation of compounds as pre- 
cursors It IS obvious that final proof of the utihzation of compounds must 
reside in isolation of analyticaUy pure pemcilhns m which the identity of the 
acyl group may be estabhshed However, m view of the considerable effort 
mvolved m such isolations, particularly wth new compounds differmg from 
one another m properties, other more simple criteria were found helpful 
hhe simplest of these was the stimulation test This test was first ap- 
phed m the evaluation of precursors for benzylpemciUm (1), and its general 

* Present address, University of California, Los Angeles, California 
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validity for that purpose was demonstrated m numerous experiments 
The stimulation tests with stiain NRRL 1976 have been supplemented m 
many instances with tests in which the highei yielding Pemctlhum chrysoge 
num, Q-176, was used 

A stunulation m yield was observed with numeious compounds Data 
obtamed befoie the conclusion of the pemcilhn contract are contamed in 
the monograph on pemcilhns (3) Subsequent expeiiments aie repoited 
in tins (c/ Table II) and succeedmg ai tides m this senes The view has 
been geneially justified that a stimulation may be mtei preted as indicative 
of the utihzation of the precuisoi A few exceptions have been observed 
In these instances, the increased yield must be explamed on the basis of a 
function of the added compound othei than that of piecuisoi (c/ (2)) 

In contrast, an absence of stimulation oi a dunmution of total yield can 
not be interpreted as lack of utilization of a compound, although this is often 


the case The stimulation of penicillin yield observed with many com 
pounds may be explained through an mciease m the total molar pioduction 
of peniciUins, augmented m some cases by the highei activity of the new 
pemcilhn It is obvious that no significant stunulation mU be observed if 
the new pemcilhn foivned is only a small portion of the total produced, or if 
a new pemcilhn formed m good yield is less active on a molar basis than toe 
aggregate of natuial pemcillms produced without use of a precuisor Fof 
these reasons, evaluation of new compounds as possible piecmsors requires 


cnteiia other than that of yield 

Differential assays^ on the bioth obtamed with a test compound have 
often been of assistance m determimng whether a compound is utihze 
The differential assay values are characteristic for the mdividual pemc > 
and those for the natural pemcilhns vaiy from about 0 35 for n-hepty P6U^ 
cilhn to approximately 13 for p-hydi’oxybenzylpenicillm With a 6 
set of cultural conditions the pioportions of the various natural pemci m 
formed by a given mold strain lemam reasonably constant Thus, com^ 
parison of the differential assay value on a control broth with that 
broth obtamed m the presence of a test compound may mdicate whet er 
proportion of the pemcillms has been altered Any such alteration 
mteipieted as indicatmg the presence of a new pemciUm In some 
the new pemcilhn may have a differential assay value sumlar to ^ g 

mixture m the control broth For this reason, a failure to note a er^^^ 
must not be considered as proof of lack of utihzation of the test compo 

' The differential assay is the ratio of antibacterial activity for defined 

Staphylococcus aureus compared with that for pure benzylpemcilhn, w ® ( 3 ) 

as 1 00 A description of the method of determination is given ^ ^ ® JlcGuirc 
We acknowledge ivith thanks the numerous assays performed by r ^ 


of these laboratories 
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An additional ci iterion lias been of value in supplementing the stimula- 
tion tests and dilTeicnti d assay determinations Duimg chiomatographic 
puiification and sepai vtion of peniullins (c/ (1)) it is avell Icnown that the 
vaiious natuial pcnicilhns are found in diffeimg positions on the column 
and in the filti ites With i silica column, phosphate buffei (pH G 2), and 
ether, p-hydio\ybcnzylpenicillin is found at the top, n-heptylpemciUin is 
found in the filtiates, and othci natural penicillins are found in inteimediate 
locations These diffeiences reflect vaiiations in the distiibution coefii- 
cient of the vaiious penicillins between the aqueous buffer and the organic 
solvent 

Aftei chromatogiaphmg the penicillm from a broth obtamed m the pres- 
ence of a precursor, it is often found that the distribution of the pemciUins 
is markedly different fiom that observed with a control bioth In many 

Table I 

Comparisoji of Chromatographic Columns of Penicillin Obtained with and 

without Precursor 

A = broth with no precursor, B = broth with N-(2-hydro'cye thy l)-allylniercapto- 
acetamide The figures give the units m each fraction 


Fraction 

A 

B 

Fraction 

1 

A 

B 

S-l 

None 

1,000,000 

S-9 

700,000 

None 

S-2 

it 

3,600,000 

S-10 

600,000 

« 

S-3 

<300,000 

7,600,000 

F-1 

<300,000 

<( 

S-4 

<300,000 

9,900,000 

F-2 

600,000 

it 

S-5 

700,000 

7,200,000 

F-3 

1,600,000 

<300,000 

S 6 

1,200,000 

1,000,000 

F-4 

3,500,000 

None 

S-7 

900,000 

<300,000 

F-5 

2,100,000 


S 8 

1,100,000 

None 





cases it IS observed in a single lathei sharp band This phenomenon is 
illustrated in Table I In the absence of a precursor, the penicillin was dis- 
tributed over most of the column, and a large fraction of n-heptylpenicdhn 
was found m the filtrate fractions F-3, F-4, and F-5 In contrast, the peni- 
cillin formed m the presence of N-(2-hydroxyethyl)-ally]mercaptoacetamide 
was found predommantly on the sihca column m fractions 8-3, S-4, and 
S-5 and very little activity was present m the filtrate fractions 

Contrasts such as that noted above were often observed durmg the piiii- 
fication of new pemcilhns In most cases, however, small differences 
would be of doubtful sigmficance because of the difficulties m preparmg 
successive columns in exactly the same manner Recently a new techmqi 
has been made available through the work of Craig and coworkers (4) ' 
makes possible an accurate comparison of the distribution of compr > 
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between two solvents We have utihzed the Craig separation as an ex- 
ploratoiy tool m the following manner Control and experimental broths 
were prepared under similar cultural conditions The penicillin was recov- 
ered fiom the respective lots as desciibed m the experimental section The 
penicillin was dried fiom the frozen state and was subjected to the Craig 
separation technique Approximately 20,000 units were used with ether 
and 2 m phosphate buffer, pH 4 8 

Fig 1 illustrates the distribution curves obtamed from pemcilhn produced 
by Pentcilhum chysogmum, Q-176, with (a) control (no precursor), (6) 
p-mercaptophenylmercaptoacetic acid, and (c) p-(N-p'-arsonophenyIsul 
famyl)-phenylmercaptoacetic acid It will be noted that the curve oh 
tamed wnth p-(N-p'-arsonophenylsulfamyl)-phenylmercaptoacetic acid is 
similar to that obtained with the control broth, and that differential assays 
of comparable samples are similar It is concluded that this compound 


IS not effectively utilized by this stram It should be noted, of course, that 
the formation of a small amount of a new pemciUin with a distribution 
coefficient such that it would be mcluded m the large band in Tubes 7 to 15, 
and with a differential assay similar to the natural pemcilhns occurring m 
these tubes, would be difficult to detect With p-mercaptophenylmercap 
toacetic acid as precursor, the distribution curve is markedly different from 
that in the control The large centrally located band is markedly dimin 
ished and a considerable portion of the activity is found m Tubes 19 to 24 
The differential assay values on these samples are higher than those oh 
tamed with a comparable control sample Therefore, we may concludo 
that this compound serves as a precursor leadmg to production of a new 


penicdlm with a differential assay value of 0 8 or higher 
Under our conditions of testing, the distribution of pemcilhn was sunilar 
to that observed with contiol cultures when / 3 -(p-bromophenyl)-isovaIery 
DL-valme seived as the precursor with Pemcilhum notatum NHRI' 1976 or 

when benzylsuccimc acid, N-(N'-p-chlorobenzoyl-DL-alanyl)-DL-valine, 

p-chloiocaibobenzoxyglycme, j3-(p-mtrophenyl)-isovaleryl-DL-valme, N-( ' 
hydroxyethyl)-vmylacetamide, N-(2-hydroxyethyl)-|3-hydroxy-T,7.')"t” 
fluorobutyramide, carbobenzoxyglycine, N-(2-hydioxyethyl)-pheny 
fonylacetamide, or N-(i3-phenylmercaptopropionyl)-DL-valme was used as 


precursor with Pemcilhum chrysogenum Q-176 
Additional information concerning such distribution studies wil a ^ 
ported m subsequent articles, along with the preparation of the respec v 


compounds used as precursors 

In a few cases efforts have been made to detennme utilization of 
sors by isolation, even though the stimulation data and other 
methods of evaluation were not encouraging These isolation 
demonstrated that the following compounds were not effective y u 
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Fig 1 “Craig machine” distribution curves The numbers in parentheses 
represent differential assay values on the samples indicated 

under our cultural conditions tryparsamide, ^,^-diphenylpropionjc acid, 
N-allyl-jS-chloropiopionamide, and 2-thiophenecarbo\ylic acid (and seteral 
denvatives) 

Stimulation data for numerous compounds which were tested as possible 
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new penicilbn precursois have been piesented (3) The prepaiation of most 
of these compounds has not been desciibed previously The preparation 
and some piopeities of acids and ceitam derivatives of the following types 
are included in this papei aiyl caiboxyhc acids, a-substituted phenylacetic 
acids, aliphatic acids, aryl aliphatic (othei than acetic) acids, and a miscel 
laneous unclassified group Subsequent papers m this series mil describe 
the preparation of img-substituted phenylacetic acids, substituted oxy-and 
meicaptoacetic acids, and polycyclic and heterocychc acetic acids and their 
derivatives 


EXPERIMENTAL 


StwiulaLion Tests — The tests were peifoimed with Pemcilhum )ioialiwi 
NRRL 1976 by the “low” (L) and “high” (H) methods described m Paper 

1 in this senes (1) Additional tests were performed mth Pemcilhum 
chiysogenum Q-176 with a medium contammg 3 per cent corn steep sohds, 

2 5 per cent lactose, and 0 5 pei cent calcium carbonate oi with a synthetic 
medium contammg 20 gm of lactose, 10 gm of glucose, 4 gm of ammonium 
acetate, 5 gm of ammonium lactate, 3 gm of monopotassium phosphate, 
0 25 gm of magnesium sulfate, 0 02 gm of zme sulfate, 0 02 gm of ferrous 
sulfate, 0 02 gm of manganous sulfate, 0 5 gm of sodium sulfate, and 
0 0025 gm of cupi ic sulfate pei hter plus sodium hydroxide to pH 6 2 80 
ml of the synthetic medium weie placed m each 500 ml Erlenmeyer flask, 
and after sterilization, 10 ml of a 2 day vegetative moculum prepared m 
com steep medium were added 

“Ciaig Mackinc” Dislnbuhon Cwves — control broth (no piecuisor) 


and several experimental broths weie prepared under similar cultural con 
ditions The broths were filtered to remove mycehal groivth, chilled to 
0-5°, and, following acidification to pH 2 2 with 10 per cent phosphoric 
acid, were extracted mth an equal volume of cold amyl acetate The aniy 
acetate layer was separated, and the sodium salt of the penicillin 
formed by addition of 0 1 n sodium hydroxide solution with stirring ^ ^ 

7 5 The aqueous solution was separated and the amyl acetate was wa 
with a small poi tion of water with addition of small quantities of alka i as 
lequued to mamtam the proper pH The combmed aqueous solutions 
were adjusted to pH 6 5 Avith dilute phosphoric acid and were dri rom 
the frozen state 

Approximately 20,000 units of crude pemcilhn obtained m this 
were earned through the separation procedure with 2 ai phosphate 
pH 4 8, and ether in a manner siimlai to that described by Craioi ° 
boom, du Vigneaud, and Carpenter (5) The distribution of the pemci 
over the twenty-five tubes was determined by microbiological 
penicillin content of each tube The ether -phosphate mixture lu eac 
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\%as wthclrawTi and a prcdetei mined quantity of sodium hydroxide solu- 
tion was added to adjust tlie pH to 7 0 to 7 5 The lesulting mixtuie was 
slukeii and tlic phospliate hyci was sepaiated foi penicillin determina- 
tion 


Allcmpkd Isolation of Penicillins 

1 N-Allyl-/3-cliloi opropion imide (122 mg pei liter) seived as the pie- 
cursor with Penicilliitm nolaluni NRRL 1976 The penicillin was pro- 
duced and purified in a inumci similai to that desciibed m Paper I (1) for 
benzylpenicillin fiom N-(2-hydio\yethyl)-Y-phenylbutyramide All of 
the most active fi actions on the ethei chiomatogiaplnc column w^ere 
combined The chloroform column yielded a smgle, lathei shaip band 
The penicillin was lecoveicd as the sodium salt, which was diied from the 
frozen state Effoits to ciystalhze the daik yellow material failed It 
assayed 900 units pei mg and gave a differential assay value of 0 64 

l7iat>/ws-C„HuClN.O,SNa Calculated, Cl 10 8, found, Cl 0 15 

2 /3,/3-Diphenylpiopionic acid (181 mg pei hter) was used as the pre- 
cursor with strain X-1612 A laige poition of the activity recovered from 
the ether column w^as found in a broad band near the center of the column 
This material was further purified by use of a chloroform column, and the 
recovered material was diied as the sodium salt Tieatment of the yellow 
powder with absolute acetone yielded a crystalline product Some color 
was removed by washmg with acetone After one precipitation fiom 96 
per cent aqueous acetone by addition of 5 parts of anhydious acetone, the 
peniciUm assayed 1700 units pei mg and gave a differential assay value of 
0 84 The ultiaviolet absoiption spectrum" demonstiated the absence of 
the diphenylpropiomc gioup and indicated that the pemcilhn piobably 
contamed an ahphatic acyl gioup 

3 Tiypaisamide (440 mg pei liter) was added to a medium containing 
3 pel cent of com steep solids, 2 5 pei cent of lactose, and 0 5 pei cent of 
calcium carbonate 60 flasks, each contammg 225 ml of the medium, 
were inoculated with Pemcilhum clnysogenum Q-176 Aftei 5 days the 
broth was harvested, and the pemcilhn w’^as puiified The ether column 
appeared to contam thiee bands The largest of these w'^as furthei divided 
mto two fractions on a cliloiofoim column No arsemc was detected in 
the lyophilized penicillin obtained from any of these fractions 

4 2-Thiophenecarboxyhc acid w’’as provided by the simultaneous use of 
(a) the acid (26 mg per liter), (b) the DL-valine derivative (46 mg pei 
hter), (c) the allylamide (33 mg per liter), and (d) the ethanolamide (34 mg 

" The ultraviolet absorption data w ere obtained by Dr W W Davis and T V 
Parke of these laboratories 
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per liter) The fermentation was performed m a manner similar to that 
described for tiyparsamide The ethei column showed considerable 
scatteimg All fractions 'mth appieciable activity were theiefore re- 
combmed The chloroform column mdicated the presence of a single 
band The recovered penicillm was dried as the sodium salt Attempts 
to crystalhze the material failed The amorphous residue assayed 970 
umts per mg and gave a differential assay value of 0 69 

AnaJi/sis— CijHijNjOiSjNa Calculated N 8 04, S 18 41 

Found “ 6 45, “ 7 44 

It was concluded that none of the above isolations yielded the desired 
penicillin Apparently these compounds aie not transfoimed into penicil 
hns in appreciable quantities under the conditions described 

Prepaiahon of Piecwsors — ^Table II lists some compounds which i\ere 
tested as possible precuisors for new pemcilhns, together vnth their stimu 
1 lation values If the compound is new, the method of preparation and 
some propel ties are also given 

Method A Amides by Schotten-Baumann Method — The acid chlonde 
was allowed to react with the ammo compound, allylamme, ethanolamine, 
or DL-vahne, m the usual manner in cold aqueous sodium hydro^de solu 
tion or m cold chloioform solution m the presence of pyridine or an excess 
of the ammo compound The amide was filtered or extracted from the 
aqueous phase When chloroform was used, the solution was filtered free 
of solid and the amide was obtained by evaporation of the solvent The 
majority of the amides were solids and were purified by recrystoUization 
from ethylene dichloiide or ethyl acetate The oils were either distilled 
or separated from volatile impurities by warming under reduced 

Method B Amides from Estei s — ^The ethyl or methyl estei was nm 
with an excess of the amme, ethanolamine, allylamme, etc , and the mix 
ture heated for 8 to 24 hours at 100-120° The excess amme was removed 
by washmg ivith dilute acid, or, when the annde was water-soluble, h) 
warmmg in vacuo The amide was further puiified by crystallization rom 
ethylene dichloiide or ethyl acetate or by distillation „ 

Method C Methyl ^-S-Ethylmercaptopropionate — Ethyl mercaptan 
gm ) was added m portions to 43 gm of methyl aciylate and 2 ° 

Triton B The reaction was cooled when it became vigorous ^ 
mixture then allowed to stand oveimght, yield 61 gm , b p 109 E 
mm 

Method D N-{2-Hydroxyethyl)-allylsulfinylacetamide ^A /-qi 

prepai ed from 53 0 gm of N-(2-hydroxyethyl)-allylmei captoacetanu ^ 
and 100 ml of acetone To this solution were added, with stirrmg, 
ml of 30 per cent hydrogen peroxide solution The resulting so u 
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allowed to st md foi 1 week and then the remainmg solvent was evaporated 
in a current of air Ihe lesidue was dissolved in a boiling mixture of 250 
ml of ethyl acetate and 30 ml of methanol This solution was filtered 
hot and allowed to cool, yielding 31 8 gm of solid, m p 77-79° Recrys- 
tallization was effected from the mixture of solvents or ethyl acetate 
alone, m p 81 5-82° 

Method E N-{2-Hydroxijelhyl)-alhjlsulfonylacetamide — K solution of 
44 5 gm of N-(2-hydro\yethyl)-alIylmeicaptoacetamide (50), 1 liter of 
acetone, and 75 ml of 30 per cent hydrogen peroxide solution was allowed 
to stand for 10 days The volatile solvents were removed by a current of 
air, lea\nng an orange oil, yield 47 4 gm after drymg in vacuo 

Method F Methyl fi-Allyloxypi opionate — ^The addition of 100 gm of 
methyl acrylate to 200 ml of allyl alcohol, in which were dissolved 5 3 gm 
of sodium, produced a gelatinous precipitate The mixture was heated on 
the steam bath for 1 hour and poured into water The mixture was ex- 
tracted several times with ether, the ether solution was dried, and the 
esters were distilled, bp 116-132° at 65 mm , 3 aeld 50 3 gm , ° = 

1 4312, which was mainly the methyl ester 

Analysis — C7H1 O3 Calculated, C 58 31, H 8 39, found, C 59 87, H 8 61 

The second fraction, b p 120-130° at 65 mm , yield 23 5 gm , tId” * = 
1 4394, was mainly the allyl ester 

Analysis — CsHuOj Calculated, C 63 51, H 8 29, found, C 63 06, H 8 60 

Method G N-iN'-p-Chlorohenzoyl-J)i>-alanyl)-vh-vahne — ^DL-Alanyl-DL- 
vahne (51) was treated with p-chloiobenzoyl chloride and 5 N sodium hy- 
droxide solution accordmg to the usual piocedures The yield was about 
90 per cent of large, white needles which melted over a range of 172-205° 
The product was insoluble in ether, chloroform, benzene, and petroleum 
ether A low nitrogen analysis suggested the presence of p-chlorobenzoic 
acid as a contaminant This acid was removed by washing with ether and 
recrystallizmg the lesidue from dilute ethanol to give silver flakes, m p 
20T-206° 

Method H Methyl 0 ,2-Dimethyl-y-pentynoate — ^A mixture of 130 gm 
(1 55 mole) of fieshly distilled dunethylacetylenecarbinol (52), 10 gm of 
cupric oxide, 5 gm of ammonium chloride, and 225 ml of concentrated 
hydrochloric acid was vigorously shaken m a stoppered flask for | hour 
while the temperature was mamtamed below 40° Three such runs were 
combmed The non-aqueous layer was separated, washed with 200 ml 
of concentrated hydrochloric acid and three 300 ml portions of water, and 
dried over magnesium sulfate Fiactionation of the hquid yielded 160 
gm (34 per cent) of 3,3-dimethyl-3-chloro-l-propyne, bp 77-79° (53) 

To a solution of 330 gm (2 06 mole) of pure malomc ester m 1 hter of 
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absolute alcohol in which had been dissolved 46 gm (2 gm atom) of 
sodium, were added 194 gm (188 mole) of 3,3-dimethyl-3 chloro-l 
propyne The tempeiatuie slowly rose to 70° durmg | houi The nm. 
tme was kept at 60-65° for 45 mmutes, refluxed for | hour, and then al 
lowed to stand overnight at 40° The mixtme was filteied and the filtrate 
was evaporated under a vacuum to remove most of the alcohol The 
residual syrup was treated with dilute ice-cold hydiochloric acid and a\ 
tracted with ethei The ethei solution was washed with watei and dilute 
sodium bicaibonate solution, diied ovei magnesium sulfate, and tlie ether 
evaporated, the lemammg liquid was fractionated in vacuo through a 15 
mch Vigieux column There weie obtamed 192 gm (45 per cent) of 1,1 
dimethyl-2-propynylmalonic ester, b p 102-104° at 3 mm 

AnoZysis-CiiHisOi Calculated, C 63 70, H 8 02, 'found, C 62 92, H, 7 90 

A nuxtuie of 190 gm (0 88 mole) of the above ester, 400 ml of 6 N 
sodium hydroxide solution, and 300 ml of alcohol was warmed an s in 
on the steam bath The lesultmg sohd was dissolved m 1500 o 
watei and the solution was partially evaporated undei a .u 

steam bath to lemove the alcohol The cooled solution was waa 
two 300 ml portions of ethei, acidified with sulfuric acid, an ex r 
ivith one 300 ml portion and three 100 ml portions of ether e 
solution was diied over magnesium sulfate and the ether was r < 
leavmg 148 gm (98 per cent) of ciystalhne dimethylpiopyny 
acid, m p 105-106° (from ether-peti oleum ethei) 


Analysis— Calculated, 56 47, H 5 92, found, C 55 63, H 5 88 

The ciude acid (145 gm , 0 85 mole) was heated m a 500 
an oil bath at 180-200° foi 1 to 2 hours Decarboxylation t 
smoothly The hquid product was distilled in a vacuum r 
mch Vigreux column It boiled at 75-77° at 2 mm , wit a a 
ture of 130° The yield vas 91 gm (85 pei cent) ^ 

A solution of 40 gm (0 317 mole) of ^,^-dimethy -y-pen 
200 ml of methanol and 10 ml of concentrated sulfuric aci ^ 
to stand at room temperature foi 6 days and then wor e u 
manner to yield 28 gm (65 per cent) of methyl ester, oi 

. j aq in H 8 81 

Analysis-CiHi->02 Calculated, C 68 53, H 8 63, found, C 6 , 

Method I N-Phenylai simcoacelyl-Dh-valine 9 4 gm ^j^gjjoroarsW® 
me were added with stiirmg to a solution of 10 S® ° P ® ^ piocedure of 

m30ml of 10 n sodium hydroxide solution accoi mg . diluted 

Quick and Adams (19) After 3 hours of sturmg t e ^ filtration, 

with an equal volume of water, the precipitate was re phenol- 

and hydrochlonc acid was added until the filtra e 
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phthalein Mter filtration, the solution was acidified to methyl orange 
The precipitated oil crystalhzed when cooled Reciystalhzation from 
water yielded S 5 gm of pioduct, meltmg wnth evolution of a gas at 188° 

Method J m-TnJluoroinethylphenylselenoacelic Acid — ^The Giignard 
leagent was prepared from 0 15 mole of m-trifluoromethylbiomobenzene 
(54) with an excess of magnesium in dry ether With stirimg 0 15 gm 
itom of selemum powdei ivas added in portions during 10 minutes (17) 
The mixture was stiired foi 15 minutes and then hydiolyzed by the drop- 
wnse addition of 25 ml of ivatei, followed by 100 ml of 2 n hydiochlonc 
acid The ether layer was separated, washed with water, and extracted 
ivith 65 ml of 3 N sodium hydi oxide solution The aqueous extract was 
added to a solution of 0 15 mole of sodium chloroacetate m 100 ml of 
water After a few mmutes the mixture was acidified ivith hydrochloric 
acid and extracted with ether The ether solution was washed with water 
and extracted -with sodium bicarbonate solution, and the aqueous extract 
was acidified The precipitated oil was collected m ethei, dried, and 
distilled The acid boiled at 140-142° at 7 mm , and ciystalhzed after 
standmg, m p 58 5-59 5° 

Method K y-Phenylmei captohutync Acid — A mixture of 28 gm of 
sodium methoxide, 300 ml of absolute ethanol, 56 gm of thiophenol, and 
52 gm of 7-chlorobutyronitrile was boiled under a leflux and stirred over- 
mght The alcohol was then removed by distillation and water and ether 
were added to the residue The organic layer was washed with water and 
dilute allcah Distillation m vacuo gave a fraction boihng at 135-137° at 
0 1 mm (72 gm ) which was not analytically pure However, hydrolysis 
of 31 gm of this senupure mtrile with 16 gm of potassium hydroxide, 20 
ml of water, and 100 ml of ethanol gave 7-phenylmercaptobutyric acid 
on dilution and acidification, m p 58-60° 

Method L Ethyl 8-Phenylmercaptovalei ate — 34 gm of thiophenol and 
58 gm of ethyl 5-bromovalerate were added to a solution of sodium ethoxide 
prepared from 6 9 gm of sodium m 200 ml of absolute alcohol Sturmg 
and refluxmg were mamtamed overnight, whereupon the alcohol was dis- 
tilled and the residue was treated with water The orgamc layer was 
separated with ether, washed with dilute sodium hydroxide solution, then 
with water, and dned over magnesium sulfate The ester obtained on 
distillation boiled at 121—124° at 0 2 mm 

Analysis — Ci3His02S Calculated, C 65 51, H 7 61, found, C 65 30, H 7 48 

Method M Methyl 5 -p-Chloiophenyl-n-caproate--Eth.y\ hydrogen adi- 
pate (87 gm ) was conveited to the acid chloride mth 80 ml of thionyl 
chloride After removal of excess thionyl chloride, the crude product was 
treated with 100 gm of chlorobenzene, 135 gm of anhydrous al umin u m 
chloiide, and 350 ml of carbon disulfide m the usual Friedel-Crafts manner 
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The yield of ethyl 5-p-chlorobenzoylvalerate was 66 4 gm After several 
recrystalhzations from ether-petroleum ether, it melted at 59-60° 

Analysis — C14H17CIO3 Calculated, C 62 56, H 6 37, found, C 61 82, H 6 30 

Saponification of 53 gm of ester mth potassium hydroxide gave 36 gm 
of 5-p-chlorobenzoylvaleric acid which could be reciystaUized from dilute 
ethanol or ethanol-ether-petroleum ether, m p 134-136° 

Analysis — Ci"Hi3C103 Calculated, C 59 88, H 5 41, found, C 59 66, H 5 36 

36 gm of 5-p-chlorobenzoylvaleric acid was heated under a leflux for 22 
hours with 60 gm of amalgamated zmc, 38 ml of water, 90 ml of concen 
trated hydrochloric acid, and 75 ml of toluene (44) After coohng, ether 
was added and the organic layer wms separated The ethereal solution 
was extracted with dilute sodium hydi oxide solution and then the aqueous 
extract was acidified The crude acid was treated with methanol and 
sulfuric acid, yielding the ester, b p 122-125° at 0 4 mm 

Analysis— CiiKnClOi Calculated, C 64 85, H 7 12, found, C 64 75, H 7 12 

Method N ^ ,^-Di-p-chlorophenylpropiomc Acid — Di-p-chlorobenzo 

phenone (0 3 mole) w'as converted to ethyl /3-hydroxy-/3 ,/3-di-p-chloro- 
phenylpropionate, m p 96-97°, m 90 per cent yield by the Reformatsky 
method (55) 

Analysis— CnHisCl.Oj Calculated, C 60 19 , H 4 76 , found, C 60 71 , H 4 71 

The hydroxy ester (30 gm ) was dehydrated by wmmung in 100 ml of 
benzene wnth 25 gm of phosphorus pentoxide foi 1 hour and the resulting 
unsaturated ester was sapomfied with sodium hydroxide solution to yid 
/3,|3-di-p-chlorophenylacryhc acid, mp 173—174° 

Analysis— CisHioCl-Oj Calculated, C 61 46, H 3 43, found, C 61 23, H 3 46 

The acid (29 3 gm , 0 10 mole) was hydrogenated in alcohol over 5 per 
cent palladium on charcoal at 4 atmospheres until exactly 0 10 mo e 0 

hydrogen ivas absorbed The yield of )3,|3-di-p-chlorophenylpropiomc 

acid, after crystallization fiom 150 ml of benzene, was 21 gm (71 per cen 
mp 182-183° gg 

Method 0 & ,y-Di-p-Amsylhiityric Acnd — Desoxyanisom ^ 

mole) and 50 gm (0 3 mole) of ethyl biomoacetate m 150 ml 0 _ 
benzene were heated to boilmg and treated with 30 gm of zmc dus 
m small portions After refluxing foi 1 hour the mixture 
shaken with dilute sulfuric acid, and the benzene layer together 
benzene washmgs diied over magnesium sulfate The 
removed and the residual product distilled in vacuo, ivhereupon e 
took place and ethyl ^,7-di-p-amsylbutenoate was obtame as a 
hquid, bp 221° at 2 mm The yield was 88 gm (90 per cent) 

Analysis— C joHjA Calculated, C 73 59, H 6 79, found, C 73 83, H 6 6S 
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This estei was hydrogenated m alcohol over 5 per cent palladium on 
charcoal at 4 atmospheres and the reduced muxture was saponified with 
sodium hydroxide to furnish /3,7-di-p-amsylbutyric acid m 90 per cent 
yield, m p 107-168° 

The authois express then gratitude to Dr G H A Clowes and Dr E 
C Kleideier foi then interest m this work^ The microanalyses were 
performed by W L Blown and H L Huntei 

SUMMARY 

Methods are desciibed for the evaluation of compounds as precursors 
for new pemcillins These mclude stimulation tests, differential assays, 
distribution studies with the “Craig machme” or with silica-buffei parti- 
tion columns, and isolation work 

Data obtained by these methods are presented for a considerable group 
of compounds including aryl carboxylic acids, a-substituted phenylacetic 
acids, aliphatic acids, aryl aliphatic (other than acetic) acids, a imscel- 
laneous unclassified group of acids, and certain derivatives of these acids 
The preparation and some properties of new compounds belonging to 
the above series are presented 
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Papei III (1) m this senes descnbes seveial tests which weie found to be 
useful m deteimuung vvliethei a given compound is utilized by the mold m 
pemcillm foimation To provide pi oof of the mcoipoiation of vaiious 
acyl gioups into the pemcillm molecule and to be able to determine the 
chemical chaiacteiistics and biological piopeities of the various pemcillins, 
isolation and ciystallization weie required 

Table V in chaptei 19 of the pemcillm monogiaph (2) lists some propei- 
ties of eleven new pemciUms The experimental procedure followed in the 
preparation of these penicillins is described here Eighteen additional 
new penicillms have been ciystallized and chaiactenzed (cf Table I) 
One other pemcillm, y-chloroallylmercaptomethylpemcillm has been 
partially puiified but attempts to obtain a crystalline pioduct have been 
unsuccessful 

Each of the pemcillms listed except PemciUms 4, 13, 15, 17, and 18 
gave satisfactory analytical values Additional identification ivas provided 
m many cases by compaiison of the ultraviolet absoiption curves of the 
pemciUm and its precuisoi It wiU be noted that p-biomobenzylpemcillm 
was isolated following the use of N-(T-p-biomophenylbutyryl)-DL-valme 
as precursor It is appaient that y-substituted butyric acid derivatives 
are effective in a manner similar to the coiiespondmg substituted acetic 
acid derivatives and must undergo oxidative degradation with the loss of 
2 carbon atoms 

Expel unental details of the preparation of the precursors used m this 
work will appear in other papei s of this senes Extensive biological tests 
have been undertaken to compare the properties of natural and biosynthetic 
pemcillins These studies wiU be leported elsewheie 

EXPERISDENTAL 

p-il/efAoajyfieazyZpemci&w*— N-(2-Hydioxyethyl)-p-methoxyphenyIacet- 
amide (170 mg ) (3) was added to a broth contammg 25 gm of lactose, 

* Present address. University of California, Los Angeles, California 

1 A number of these penicdhns have been described in reports to the Office of Sci- 
entific Research and Development 
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20 gm of corn steep solids, 2 gm of calcium carbonate, and 0 044 gm of 
zinc sulfate heptahydrate per liter 200 ml of broth m each 1 liter Erlen 
meyer flask were inoculated with 10 ml of a 2 day vegetative inoculum of 


Table I 

N ew Crystalline Biosynthetic Penicillins 


Peniczlhn formed 

Precursor used 

Activity 

Differ 

CQtlll 

assay* 

1 Cyclopentylmethyl- 

N-(2-Hy droxyethyl) -oy clopen- 

units per mg 

2080 

0 72 

2 p-Methylbenzyl- 

tylacetamide 

N-(2-Hydro\yethyl)-p-tolyl- 

2280 

0 73 

3 p-Allylo\ybenzyl- 

acetamide 

N-(2-Hydro\yethvl)-p-allylo\y- 

1440 

037 

4 Methylmercaptomethyl- 

phenylacetamide 
Methylmercaptoacetic acid 

550 (?) 

150 

5 Ethylmercaptomethyl- 

Ethylmercaptoacetic “ 

1310 

093 

6 n-Propylmercaptomethyl- 

n-Propylmercaptoacetic “ 

2550 

0 5j 

7 Isopropylmercaptomethyl- 

Isopropylmercaptoacetic “ 

1900 

0 73 

8 Allylmercaptomethyl- 

N - (2-Hy droxyethyl) -ally Imer- 

1630 

0 76 

9 |3-Bromoallylmercapto- 

captoacetamide 

^-Bromoallylmercaptoaoetic 

2030 

0 71 

methyl- 

10 n-Butylmercaptomethyl- 

acid 1 

n-Butylmercaptoacetic acid 

3400 

0 53 

11 laoamylmeroaptomethyl- 

Isoamylmereaptoacetic “ 

2900 

0 54 

12 iit-Trifluoromethylphenyl- 

m-Tnfluoromethylphenylmer- 

1900 

0 S5 

mercaptomethyl- 
13 T-Phenylpropylmercapto- 

captoacetic acid 

7-Phenylpropylmercaptoacetio 

1600 (?) 

054 

methyl- 

14 (3-Pheno\yethylmercapto- 

acid 

/3-Phenoxyethylmercaptoacetio 

1190 

084 

methyl- 

15 ^-Naphthylmercapto- 

acid 

N-(2-Hydroxyethyl) ;3-uaphth- 

2100 (?) 

0 91 

methyl- 

16 Phenylselenomethyl- 

ylmercaptoacetamide 
Phenylselenoacetic acid 

2660 

0 74 

0 92 

17 p-Metho\ypheno\y- 

N-(2 Hydroxyethyl)-p- 

1120 

methyl- 

18 3-Thiophenemercapto- 

methoxyphenoxyacetamide 

3-Thiophenemercaptoacetic 

2000 

0 76 

methyl- 

acid { 


— 


me cnneretitial assay represents the ratio of activity ot ^eSned 

Staphylococcus aureus compared with that for pure benzylpemcillin, whio is 
as 1 00 We acknowledge with many thanks the numerous assays per orm 
Dr J M McGuire 

Pemnlhum noiaium, stram NRRL 1976, grown on a 
without the precuisor The flasks were shaken at 25“ for 4 
harvested 5 1 liters of cold filtered broth, assaying 83 units per > 
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e\tracted at pH 2 2 WTth 0 6 volume of amyl acetate The fmther purifica- 
tion was carried out m a similai maimer to that described for benzyl- 
pemcillin (4) The piincipal band on the ethei column was m a position 
sunilar to that occupied by benzylpenicillin on other comparable columns 
and represented 79 ]iei cent of the penicillin lecovered from the column 
The principal band on the chloiofoim column lepiesented 92 per cent of 
the iccoveied units 60 mg of sodium salt weie obtained on drying from 
the frozen state On tieatment with 1 ml of acetone partial solution 
followed by lepiecipitation occuried The material was washed mth 
5 ml of absolute acetone and was crystallized in the form of needles from 
1 ml of 90 pel cent aqueous acetone by addition of 4 ml of acetone The 
sodium p-methoxybenzylpenicilhn thus obtained assayed 1510 umts per 
mg and gave a diffeiential assay value of 0 82 [ajo® = -i-278° (0 3 per 
cent m water) The ultraviolet absoiption curve was in good agreement 
with that observed for the precursor - 

Analtjsis—CnEuN.OiSNa Calculated C 52 86, H 4 92, N 7 25, OCHj 8 03 

Found “ 52 51, “ 4 99, “ 7 20, “ 7 95 

2-Thtophen.emethylpemcilhn — ^The precursor used to obtain this penicillm 
was N-(2'-hydiOYyethyI)-2-thiopheneacetamide (150 mg per litei) (5) 
The procedme followed in the culture and purification was similar to 
that described foi p-methoxybenzylpeniciilin 91 per cent of the pemcilhn 
recovered fiom the ether-silica column was m a single band which occupied 
a position similar to that in which benzylpenicillin is found in compaiable 
columns The piincipal band on the chloroform column contained 95 per 
cent of the total activity The sodium salt, dried from the fiozen state, 
weighed 213 mg and assayed 1400 units pei mg The diy material was 
washed repeatedly ivith small portions of acetone Ciystallization in 
clusters of plate-iike ciystais occuried on solution in 2 ml of 90 per cent 
acetone, followed by addition of 2 ml of dry acetone The sodium 2- 
thiophenemethylpenicillm thus ob tamed assayed 1685 umts per mg and 
gave a dilfeientiai assay value of I 13 [«]»'* = •4*265'^ (0 3 per cent in 

water) The ultraviolet absorption curve was m good agreement with 
that observed for the precursor with a characteristic absorption at 234 mp * 

Analysis — CuHisN20<S’Na Calculated C 46 40, H 4 17, N 7 73, S 17 69 

Found “ 46 46, " 3 81, “ 7 40, ” 17 18 

p-Chlordbenzylpemcilhn — p-Chlorophenylacetyl-DL-valine (220 mg per 
liter) (3) was used as the piecursor for this pemcillin The procedure 
previously outlined for the prepaiation of p-methoxybenzylpemcillin was 


* See the figure, chapter 19 (2) 
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control collns 92 pe of tt I ^-l^eptylpeiucdlm u. 

band 97 per cent of tL ?! f recovered units weie found m ths 

weie piesent in fractions that i chloroform column 

peaks The mateiial wat, of the presence of tno 

silica column and m smte f on a second chloroform 

showed nT?;deL o? In development of this column, 

material ^!sZhe^il " T The solid 

Garge clumps of needles) ^^^2 nd^'^Tn crystalhzed 

4 ml of acetonp An ^ ^ ^ ^ by addition of 

pemcillin assayed 24*10!^ ^oorystallization the sodium p-chlorobenz)'! 

0 73 ra]^“ = 4-9fin° m Q ^ ^ diffeiential assay value of 

curve was°m e-oorl Pm cent m water) The ultraviolet absorption 

curve was m good agreement ivith that observed for the precursor’ 


dnaZysts-CisHisClN.O^SNa 


Calculated 
Found 


C 49 17, H 4 12, N 7 17, Cl 9 07 
" 49 08, “ 3 84, “ 7 30, “ S 80 


ua, (j 04 , •• / Bu, “ S to 

mg'^rS'’«r"‘r5°/’' N-(p.mtrophenykoetyl)-pp.valme ( 23 » 
been used as piecuisore ^■■^•“““P'‘™yl““‘yl)-Pp-Koleucme ( 3 ) tav. 

were obtainor) 'rn j the former compound the foUowmg results 

sTpei c ?rn?th ^ column contained 

2-pentenvlnpnieiir ^^id was located just above the band of 

chlorofonn ml ^ 'Tn!* separation mto bands occurred on fts 

The material , Tbe sodium salt was diied from the frozen state 
of morname ^ acetone, allowing separation of a small amount 

clusters of After several houio, crystallization took place in 

was not attJmpted ''^^^7 material, recrystaUization 

aereemenf xxn+wn x r uftiaviolet absorption spectrum was m good 

27 Q mu^ Th ^ °^d for the precuisor with a characteristic peak at 

different, o assayed about 1700 umts per mg and gave a 

omerential assay value of 0 86 

wa? ^The piecmsor used to obtain this pemcillin 

80 ner no f °^afhyI)-p-fluorophenylacetamide (160 mg per liter) ( 3 ) 
ebrnmoto ^ ^ ^ PcmciIlin recovered from the ether-silica (pH 62 ) 

buihipetod^^? C column was m a smgle band When this matenal waa 
pp f f +n ^ ^ purification on a similar chloroform column, 98 per 
0 e recoveied activity was found m a smgle band The sodium 
sa w^ prepared by use of 0 1 n sodium hydi oxide solution, and was dned 
j ^ rozen state Solution and precipitation occurred on treatment 
with ^y acetone The solid material was purified by tivo crystallizations 
rom per cent acetone by addition of 4 parts of absolute acetone 


The 
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sodium p-fluoiobenzylpemcillm thus obtained assayed 1650 units per mg 
and gave a diffeientnl assay value of 0 89 The ultraviolet absorption 
cuive of the penicillin and its piecuisor aie lecorded in the pemciUm 
monograph - 

/laafr/Sis— CijHuFN OiSNa Calculated C 51 33, H 4 31, N 7 49, S 8 56 

Found “ 51 27, “ 4 15, “ 7 49, “ 8 43 

m-Fluorobenzylpemcillin — N-(2-Hydio\yethyl)-m-fluoiophenylacetamide 
(160 mg per litei) (3) was used as the precursor The principal band on 
the ether-silica bulTei (pH 6 2) chiomatogiaphic column contained 93 pei 
cent of the lecoveied units On the cliloiofoim column, 98 pei cent of the 
pemcillin sepaiated in a single band A light yellow solid was obtamed 
vhen the sodium salt was diied fiom the fiozen state The material was 
treated with absolute acetone, and was tiMce ciystallized fiom 0 4 ml of 
90 per cent acetone by addition of 1 ml of dry acetone The sodium 
Hi-fluoiobenzylpemcillin thus obtained assayed about 2220 umts per mg 
and gave a cliff eiential assay value of 0 76 The pemciUm monograph^ 
contains the ultiaviolet absoiption curves foi this penicillin and its 
precursoi 

AnaZi/sts— CioHioFNjOiSNa Calculated C 51 33, H 4 31, N 7 49, S 8 56 

Found “ 51 47, “ 4 19, “ 7 61, “ 8 21 

o-Fliiorobenzylpenicilhn — The piecursor used was N-(2-hychowethyl)- 
o-fluorophenylacetamide (160 mg per liter) (3) The activity lecovered 
from the ether-silica column sepaiated in a smgle band In the sub- 
sequent chloroform column, 95 per cent of the recovered activity was m a 
smgle band The lyophilized sodium salt was crystallized by treatment 
with absolute acetone After washmg mth absolute acetone, the sodium 
o-fluorobenzylpemcillm was purified by recrystalhzing twice from 90 per 
cent acetone by addition of 3 volumes of absolute acetone The purified 
material assayed 1340 units pei mg and gave a differential assay value of 
1 08 The ultraviolet absoiption spectrum was m good agreement wnth 
that found for the precuisor^ 

Analj/sis— CijHwFNsOiSNa Calculated C 51 33, H 4 31, N 7 49, S 8 56 

Found “ 51 39, “ 4 40, “ 7 65, “ 8 57 

p-Bromobenzylpemcillin — ^The precursoi used to obtain this pemciUm 
was N-(p-bromophenylbut 5 nyl)-DL-valme (270 mg per liter) (1) Assays 
on the various fractions and percolates of the ether-silica column and the 
chloroform-sUica column show^ed the piesence of only one band The 
pemciUm recovered from the chloroform column was extracted as the 
flee acid with ether and converted to the sodium salt The aqueous 
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solution was dried from the frozen state, and the yellow, hygroscopic 
powder thus obtamed was treated with absolute acetone Crystallization 
occurred The matenal was purified by two crystallizations from 90 per 
cent acetone by addition of 2^ parts of absolute acetone The sodium 
p-bromobenzylpemciUm thus obtamed assayed 2270 umts per mg and 
gave a differential assay value of 0 65 The ultraviolet absorption curves 
of this peniciUm and of the precmsor, N-(2-hydroxyethyl)-p-biomophenyl 
acetamide, are given m the pemcillm monogiaph® 


Analysis — CioHieBrNjOiSNa Calculated C 44 14, H 3 71, N 6 44 

Found “ 44 36, “ 3 93, “ 6 55 

CiaHaoBiNjOiSNa Calculated, C 46 66, H 4 35, N 6 08 

•p-Iodobenzylpeinctlhn — ^The precursor used was N-(2-hydroYyethyl) 
p-iodophenylacetamide (240 mg per litei ) (3) 93 per cent of the activity 

recovered from the ethei column appeared m a smgle band No further 
separation into bands occurred on the chloroform-silica column The 
lyophilization and ciystalhzation weie carried out m a manner smiilarto 
that previously described for benzylpemcillm The supply of this pew 
cillm was madequate for proper purification 

Analysis— CisHnIN.OiSNa Calculated N 5 81, I 26 32, S 6 65 

Found <‘6 58, “22 12 

The ultiaviolet absorption spectrum agreed well with that found for the 
precuisoi with a characteristic peak at 233 m^i ^ The preparation 
repeated on a laiger scale with the same piecuisor (320 mg per liter; 
strain Q-176 The puiification and ciystallization were effecte 
similar mannei After repeated recrystalhzations the p-iodo e 
pemcillm assayed 2425 umts pei mg 


Analysis— Found, N 5 79, I 25 54, S 6 79 

P/ienoa.2/mel%ZpemczlZi7i— N-(2-Hydroxyethyl)-pheno\yacetaniide 

mg per liter) (6) was used as the precursoi for this penic n 
pimcipal band on the ether-silica column (bufiei pH 6 2) was at t le o^^^^ 
of the column and in the peicolates It contained 100 per cent ° 
umts recovered The chloroform-sdica column (pH 6 4) also s ° ^ 

evidence of moie than one band The pemciUin agam a 

dommantly m the percolates Lyophilization of the sodium s 
dark yeUow powdei which was crystallized m absolute several 

the color was removed by washmg the crystalline material 
portions of acetone Further pmification was effected by 
hzations from 85 pei cent acetone by addition of 3 parts o ace^ 
sodium phenoxymethylpemciUm assayed about 1670 umts pe 
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pioceduie picviously outlined foi prepaiation of p-methoxybenzylpenicillm 
was followed The peiiicillm was found in a lathei shaip band on the 
cluoinatographic column, indicating piedominantly the presence of a 
single penicillin The puiified penicillin was diied fiom the frozen state, 
and the amorphous yellow powdei was ciystallized by treatment with 
absolute acetone Fuithei puiification was effected by twm leciystalhza- 
tions fi om SS pei cent acetone by addition of 2 pai ts of absolute acetone 
The p-methylbenzylpenicillm thus obtained assayed about 2280 umts pei 
mg and gave a diffeiential assay value of 0 73 The ultraviolet absoiption 
cur\c demonstiated the piesence of the desued pemciUm® 

Anali/sis— CijHijNiO.SNa Calculated C 55 12, H 5 17, N 7 56, S 8 66 

Found “ 55 12, “ 5 43, “ 7 49, “ 8 56 

p-AUijloxybenz)jlpemcillin — N - (2-Hydiovyethyl) -p-allyloxyphenylacet- 
amide (190 mg per liter) (3) was used as the precursor with stram NRRL 
1976 The purification proceduie was similai to that previously described 
for p-methoxybenzylpenicillm The dried sodium salt w'as crystallized 
by treatment wnth absolute acetone The crystalline material was washed 
several times with acetone and was furthei punfied by two reciystalliza- 
tions effected by dissolving m 90 per cent aqueous acetone and adding 
4 volumes of absolute acetone The p-allyloxybenzylpenicillin assayed 
1440 units per mg and gave a diffeiential assay value of 0 87 The 
ultraviolet absorption curve was m good agreement with that observed for 
the precursor ® 

Analysis~Ci,B. iNjOsSNa Calculated C 55 33, H 5 14, N 6 79 

Found “ 65 78, “ 5 20, " 6 86 

Methyhnercaptometliylpemcilhn — Methylmeicaptoacetic acid (7) (127 
mg per liter) seived as the precursor m a fermentation simJai to that 
described for cyclopentylmethylpemcillin A buffer of pH 6 0 was used 
with the ethei chromatographic column Fractions neai the top of the 
column with diffeiential assay values of about 1 5 weie combmed for 
further purification with a chloroform chromatographic column, buffer at 
pH 5 8 The fractions with the desired differential assay were combmed 
and converted to sodium salt as described before The diied material was 
ciystallized by treatment with acetone Eecrystallization was attempted 
by dissolvmg m 3 parts of 88 per cent acetone and addmg absolute acetone 
As the precipitate was somewRat oily, the entire mixture was evaporated to 
dryness in vacuo The residue was dissolved m 2 parts of water, 10 parts 

* The ultraviolet absorption data were obtained by Dr W W Davis, T V Parke, 
and R A Kern Additional data will be presented m a subsequent publication by 
these workers 
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Cyclopeniyhnethylpemcilhn — 31 gna of N-(2-hydroxyethyl)-cyclopeiityl- 
acetamide ( 1 ) were added to a medium contaimng 6000 gm of com steep 
hquoi, 4500 gm of lactose, 750 gm of glucose, 1500 gm of calcium car- 
bonate, 225 gm of disodium phosphate, 150 gm of mea, 37 5 gm of 
magnesium sulfate heptahydiate, 0 84 gm of zinc sulfate, and 40 gallon 
of distiUed water Aftei sterilization, the medium was inoculated with 
approximately 1 3 gallons of vegetative growth of Pemcillium chrysogetium 
Q-176 and was mcubated at 24° with aeration and stmrmg After 50 hours, 
the broth assaying 283 units pei ml was filtered, cooled to 2 °, acidified to 
pH 2 08, and exti acted with 0 6 volume of amyl acetate The 29 gallons 
of amyl acetate were tieated wnth three successive 0 75 gallon poitions oj 
0 3 M phosphate buffei, pH 8 5 The recoveied buffer was cooled to i , 
adjusted to pH 2 1 with 85 pei cent phosphoiic acid, and extracted sue 
cessively with 2840 ml , 1420 ml , and 945 ml of ether The ethereal 

solution (4250 ml ) contained 39,000,000 umts 

The pemcdlm was fuither purified by use of a 4 mch chiomatograp c 
column ( 4 ) contaimng 2500 gm of sdica and 1860 ml of 1 5 m p osp a 
buffer, pH 6 3 Successive 2 hter portions of ether contai^g 1, A > 
and 3 pei cent methanol were used to develop the column Futra es i 
collected m 1 liter poitions 33,500,000 units were recovered in a sin 
band near the top of the column These fractions weie 1 

tracted with successive 2840, 1420, and 945 ml poitions of cold cWoio 
at pH 2 1, and were fmther pmified by use of a chloio orm-p os 
buffer (pH 6 0) column 4 liteis of chloroform contammg 1 wto 
methanol were used to develop the column The rather broa a 
combmed, and the pemcdlm was extracted from the buffer so u lo 

ether at pH 2 1 , j elution and 

The sodium salt was prepared with 0 1 n sodium hydroxi e s , 

was dried from the frozen state, yieldmg 27,000,000 umts o a 
yellow powder The cyclopentyhnethylpemciUm precipi a e 37 5 

ment wnth acetone It was recrystallized by solution in acetone, 

per cent aqueous acetone, followed by addition of 20 
yieldmg 10 6 gm , 1880 umts per mg , differential assay 

dnalysis-CuHjiNiOiSNa Calculated C 51 71 , H 6 08, N 8 W 

Found “ 60 64, “ 6 02, 7 69 

A small sample was recrystallized two additional ^tfal^ssay value 
and then assayed 2080 umts per mg and gave a differen 

of 0 72 

Analt/sis— Found, C 51 69, H 6 07, N 8 21 ^ 

p-Mef/iyfhensyZpeiwciZfzii— N-( 2 -Hydroxyethyl)-p-toly^^^^ -jjie 

per liter) ( 3 ) was used as the precursor with stram 



BbllULNS, cousn, LDWARDb, GARRISON, JONES, SOPER, 
ViUSr ABLELB, AND WHITEHEAD 


801 


pioceduie picviously outlined foi prepaiation of p-nietho\yben 2 iylpenicil]m 
was followed The peiiicillm was found m a lathei shaip band on the 
cluoinatographic column, indicating piedominantly the presence of a 
single penicillin The punfied penicillin was diied fiom the frozen state, 
and the amorphous yellow powdei was ciystallized by treatment with 
absolute acetone Fuithei puiification was effected by twm leciystalhza- 
tions fi om SS pei cent acetone by addition of 2 pai ts of absolute acetone 
The p-methylbenzylpenicillm thus obtained assayed about 2280 umts pei 
mg and gave a diffeiential assay value of 0 73 The ultraviolet absoiption 
cune demonstiated the piesence of the desned penicillm ® 

Analysis— Cn'Hit'NiOSNa Calculated C 55 12, H 5 17, N 7 56, S 8 66 

Found “ 55 12, ” 5 43, “ 7 49, “ 8 56 

p-AUyloxybenz)jlpemcillin — N - (2-Hydiovyethyl) -p-allyloxyphenylacet- 
amide (190 mg per liter) (3) was used as the precursor with stram NRRL 
1976 The purification proceduie was similai to that previously described 
for p-methoxybenzylpenicillm The dried sodium salt w^as crystallized 
by treatment wnth absolute acetone The crystalline material was washed 
seveial times with acetone and was furthei punfied by two reciystalhza- 
tions effected by dissolving m 90 per cent aqueous acetone and adding 
4 volumes of absolute acetone The p-allyloxybenzylpenicillin assayed 
1440 units per mg and gave a diffeiential assay value of 0 87 The 
ultraviolet absorption curve was m good agieement with that observed for 
the precursor® 

Aiialysis—CiAl iNjOsSNa Calculated C 55 33, H 5 14, N 6 79 

Found “ 65 78, “ 5 20, " 6 86 

Methyhnercaptometliylpemcilhn — Methylmeicaptoacetic acid (7) (127 
mg per liter) served as the precursor m a fermentation simdai to that 
desciibed for cyclopentyhnethylpemcillin A buffer of pH 6 0 was used 
with the ethei chromatographic column Fractions neai the top of the 
column with differential assay values of about 1 5 were combmed for 
further purification with a chloroform chromatographic column, buffer at 
pH 5 8 The fi actions with the desned differential assay were combmed 
and converted to sodium salt as described before The diied material was 
crystallized by treatment wnth acetone RecrystaUization was attempted 
by dissolvmg m 3 parts of 88 per cent acetone and addmg absolute acetone 
As the piecipitate was somewRat oily, the entire mixture was evaporated to 
dryness tn vacuo The residue was dissolved m 2 parts of water, 10 parts 

^ The ultraviolet absorption data were obtained by Dr W W Davis, T V Parke, 
and E A Kern Additional data will be presented m a subsequent publication by 
these workers 
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of n-butanol were added, and the water was removed by evaporation 
tn vacuo The methylmercaptomethylpemcillm assayed 550 units per 
mg and gave a differential assay value of 1 5 

Analysts — CuHnNiOiSiNa Calculated S 19 65, N 8 68 

Found “ 18 21, “ 8 22 

Ethyhyiercaptomethylpemcilhn — ^The fermentation was carried out mth 
ethylmercaptoacetic acid^ (144 mg per liter) m a manner similar to that 
described for cyclopentylmethylpemciUm The ether-buffer (pH 62} 
chromatographic column contamed only one band of any significance 
The chloi oform-buffer (pH 6 0) column also contamed a smgle band The 
recovered pemciUm was diied, yieldmg 18 gm of amorphous matenal 
Followmg treatment with acetone and reciystaUization from 87 5 per 
cent acetone by addition of absolute acetone, the ethyhnercaptomethyl- 
peniciUm assayed 1310 units per mg and gave a differential assay value 
of 0 93 


Analysis—CiiHnN.OiSiNB, Calculated S 18 84, N 8 23 

Found » 18 42, “ 8 23 

n-Propyhnercaptomelhylpemcilhn — «-Propylmercaptoacetic acid (7) (21 
gm ) was used as the precmsor with Pemctllium chrysogenutn Q-176 inth 
the folloumg synthetic medium 4500 gm of lactose, 750 gm of glucose, 
750 gm of ammomum mtrate, 600 gm of acetic acid, 300 gm of mouo- 
potassium phosphate, 75 gm of magnesium sulfate heptahydrate, 30 gm 
of ferrous sulfate heptahydiate, 0 75 gm of cupric sulfate pentahydrate, 
1 7 gm of zmc sulfate, 40 gallons of water, and potassium hydroude to 
adjust the pH to 5 95 The fermentation and purification were perfonue 
m a maimei similar to that described for cyclopentyhnethylpenic lu 
except that the ether chromatographic column was nm with buffer u 
pH 6 4 and the chloroform column was omitted The large band on o 
center of the ether column was extracted at pH 2 2 with three 250 
portions of cold chloroform, and the sodium salt was prepared hj 
0 1 N sodium hydi oxide solution The dried pemcdlm crystallized 
on addition of acetone After one recrystallization from 85 
acetone by addition of 4 parts of acetone, the matenal assayed 23 
per mg Analysis showed the presence of 16 41 per cent ® ^ 

several recrystaliizations, the n-propylmercaptomethylpemciUm 

2550 umts per mg and gave a differential assay value of 0 55 


Analysts — CijHijNi 04 S.Na 


Calculated 
Found 


S IS 09, N 7 90 

i'uuuu “ 17 84, “ 7 78 (1(8) (1^ 

IsopTopylmercapiomethylpemcilhn — Isopropylmercaptoaceticaci 

mg per hter) served as the precursor m a fermentation simii 


« Kodak Company 
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described foi cyclopentylmethylpemciUm The ether-buffei (pH 6 2) 
column contained a ^ely laige band near the top of the column, repre- 
senting at least SO per cent of the recovered umts No fmther sepaiation 
occurred on the chloiofoim-buffer (pH 6 2) column The diied sodium 
salt naa crystallized by tieatment with absolute acetone Eecrystalliza- 
tion nas efiected by dissolving m 90 pei cent acetone and adding absolute 
acetone The isopropylmercaptomethylpemcillm assayed 1900 umts pei 
mg and gave a differential assay of 0 72 

Inalyais — CuHuNjOiS Na Calculated S 18 09, N 7 90 

Found “ 17 53, “ 7 75 

Allylmercaptomethylpemcillin — N- (2- Hydi oxyethyl) - allylmercaptoacet- 
amide (140 mg per liter) (6) seived as the piecuisor mth strain Q-176 
The procedme pieviously outlmed for preparation of p-methoxybenzyl- 
pemciUm nas folloned except that the medium contamed 3 per cent of 
corn steep solids, 2 5 per cent of lactose, and 0 5 pei cent of calcium car- 
bonate Both the ethei and chloiofoim columns contained a single, 
rather sharp band Ci ystalhzation of the dried pemcillm occmred on 
treating the material with absolute acetone The ciystalline material 
was collected by centiifugation and was washed several times mth absolute 
acetone After two leciystalhzations from 95 per cent aqueous acetone 
by addition of acetone, the allylmercaptomethylpemcillm assayed 1630 
umts per mg and gave a differential assay of 0 76 

Analysis — CijHiyNjOjSjNa Calculated N 7 95, S 18 20 

Found “ 8 04, " 18 24 

Allylmercaptomethylpemcillm has also been isolated foUoiving the use of 
allylmercaptoacetic acid as the precursor 

^-Bromoallylmercaptomelhylpemcilhn — ^^-Bromoallylmeicaptoacetic acid 
(250 mg per liter) (6) was used as the piecuisoi m a feimentation similai 
to that desciibed foi cyclopentylmethylpemcillin The ether-buffei (pH 
6 3) column contamed a rathei broad band of activity which gave differ- 
ential assay values of about 0 8 The band on the chloiofoim-buffer 
(pH 6 1) column was of similar character The entire band ivas collected 
and dried as previously described Upon addition of acetone to the dried 
material, crystallization occuried slowly Aftei one lecrystalhzation from 
96 per cent aqueous acetone by addition of several parts of absolute acetone 
the material assayed 1840 units per mg and gave a differential assay of 0 77 

AnaZj/sts— CuHisBrNjOiSjNa Calculated Br 18 53, S 14 87, C 36 20, H 3 74 

Found “ 16 78, “ 14 31 

A small sample was lecrystallized by solution m 90 per cent aqueous 
<er<-butanol, followed by addition of absolute ierf-butanol After an ad- 
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n r“ 

^-b,omoaJIytoe.=apto™thylpe..em.n assaylTs^fpr™ 

Anal^sis-Fouud, Br 17 81 , C 36 80 , H 3 76 

’^'^hloroallylmeicapiomethiilvemcilh-n in r,-^ c t.i 

acetic acid (6) -neie added tn i fL ^ '^‘‘^Woioallylmeicapto 

^^as conducted similailv to that rl medium and the fei mentation 

penicillm The tank was h-i ^ undei ?J-piopyImeicaptomethyI- 

broth aasayed 215 tt'™ 5 psTo f 

ether and chloroform chinm«+y, u oi pH 6 2 was used with the 
activity was fornd nea^ ^t"" f ^ 

was applied to the chloiofoimT 1 ^ ^ column When this fi action 

the centei of the column Tha "'T’ ^ 

previously desciibed Atio + ®o^um salt was piepared and dried as 
unsuccessful The amn , ® crystallize this material have been 

save a d>ffla,lt“yTtr„rjr “ ““ 

^naZysts— CiaHioClN OtSjNa 


Calculated 
Found 


Cl 9 17, N 7 25, S 16 58 
“ 4 10, " 5 77, “ 10 43 


xuuna " 4 10, " 5 77, “10 43 

sra^f “ '“■*'**' 

poition of the column f ^ctivity was spread ovei a considerable 

similar values Most nf values on various fiactions ga\e 

the pemcilhn woo, ^ fiactions weie theiefoie combined and 

pmification had h Analyses demonstiated that no further 

Lly^ral^^ The separatton the coioata and 

nnxed with Tn+ i ^ mterpretation that the new pemcillm is 
value penicillin which gives a similar differential assay 

meicaptotcetm 

described fm i htei) and a medium similar to that 

Tbe ether-buffer (pH 62) 

the umts 'R'h contained a laige band accounting for most of 

buffei (pH 6 2)^^ l ^ ^^^°tion was chiomatographed on a chloroform- 

thiidt! nf tLea V. 1 ’^mn, the activity was scattered ovei the lower two- 

fiactions filtrates Differential assays on vanous 

one of fhp fill Two sepaiate sodium salts weie prepared, 

salts weip fi ^11 the othei of the column fractions These 

salts weie ciystallized sena,n+oi,r . 
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sented the desued ?i-butylmeicaptomethylpenicillm A small sample was 
reciystalhzed seveial times as desciibed above This sample assayed 3400 
units per mg and gave a diffeiential assay value of 0 53 

l?!al!/3is— CuH.iN 0<S Na Calculated N 7 60, S 17 40 

Found “ 7 52, “ 17 26 

Isoarnylmercaplomethylpemcilhii — Isoamylmeicaptoacetic acid (6) (194 
mg per litci) was used as the piecursoi wath strain Q-176 and a medium 
bimilai to that desciibed foi cyclopentylmethylpemcillin On the ether- 
buff ei (pH 6 2) chiomatogiaphic column, the activity was spread over a 
large numbei of fractions in the filtiate and on the column Diffeiential 
assays indicated the piesence of only one pemciUm in all these fi actions, 
w ith the exception of a small poi tion neai the top of the column These 
fi actions w'eie theief 01 e combmed foi the chloi oform-buffei (pH 6 5) col- 
umn jUmost aU of the activity was m the filtiate fi actions of this 
column The dried sodium salt which was lecovered fiom these fi actions 
ciystallized upon treatment with absolute acetone After lecrystaUization 
by solution m 5 pai ts of 90 pei cent aqueous acetone followed by addition 
of absolute acetone, the penicillin assayed 2850 imits pei mg and gave a 
diffeiential assay of 0 51 After two additional reciystaUizations the 
isoamj'lmeicaptomethylpeniciUm assayed 2900 units per mg and gave a 
differential assay of 0 54 

Analysts — CisHjjN.OiSjNa Calculated N 7 33, S 16 76 

Found “ 7 15, “ 16 11 

m-TnJiuoroinethylphenylmercaptomelhylpenictllin — ^A corn steep medium 
and fermentation similai to those described for cyclopentyhnethylpemciUm 
were employed m-Tiifluoiomethylphenyhnercaptoacetic acid (6) (280 
mg per litei) seived as the precmsoi When the pemcillm was purified 
on an ether-liuffei (pH 6 3) chromatographic column, a laige band w^as 
found in the filtrate fractions This mateiial was further piu-ified by use 
of a chloi of orm-buffer (pH 6 6) chiomatographic column The major 
portion was agam found m the filtiate, although an appreciable amount of 
pemcfilin with a similar differential assay was held on the low^er part of the 
column The pemcillm from the filtrate fractions was recovered as 
sodium salt and was crystallized by treatment with absolute acetone 
The wi-trifluoiomethylphenylmercaptomethylpemcillm was recrystallized, 
fust fiom 92 pel cent aqueous acetone by addition of acetone, and then 
from water-?i-butanol by evaporation tn vacuo to lemove the water The 
lesultmg product assayed 1900 umts per mg and gave a differential assay 
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value of 0 86 The ultraviolet absorption curve demonstrated the presence 
of the ?n-tiifluoromethylphenylmercapto group® 

Analysis — CijHi 5 FjN 204 S 2 Na 

Calculated N 6 15, S 14 08, F 12 61 
Found ‘ “ 6 13, " 13 73, “ 12 47 


y-Phenylpropylmercaplomethylpemcilhn — y-Phenylpiopylmercaptoacetic 
acid (6) (252 mg per litei) was used as the precursor m a fei’mentation 
similar to that described for cyclopentyhnethylpemciUin On the ether 
buffer (pH 6 3) chiomatogiaphic column the pimcipal band was found in 
the filtiate fractions This was also the case with the chloroform-buffer 
(pH 6 6) column which followed The dried sodium salt that was prepared 
from this material was deeply coloied, occasionmg difficulty in the further 
purification Ciystallization took place foUowmg treatment with absolute 
acetone After lecrystallization fiom 90 per cent aqueous acetone by 
addition of absolute acetone, the mateiial assayed 1100 units per mg and 
gave a differential assay value of 0 54 As further recrystallization from 
aqueous acetone did not aid markedly m the purification, an effort was 
made to achieve the desired purification by recrystallization fiom water 
butanol as described before The resulting y-phenylpropyhnercaptO' 
methylpenicillm assayed 1600 umts per mg and gave a differential asiay 
value of 0 54 Although the material still contamed colored impuntieS) 
further purification was not attempted 


Analysis — CnHjNjOtSjNa Calculated N 6 5i, S 14 89 

Found “ 5 28, “ 11 39 

^-Phenoxyethyhnercaptomethylpemcilhn — ^254 mg per liter of ^-pheno^ 
ethylmercaptoacetic acid (6) were added to a synthetic medium or 
fermentation in the manner descnbed for n-propylmercaptomet y 
pemcillin With a buffer of pH 6 4 on the ethei -silica chromatograp^ 
column a laige band was found on the top half of the column 
material separated mto two bands of activity on a chlorofoim- ® 
(pH 6 2) column The band in the filtrate fractions proved to e 
desired new pemcillm The diied sodium salt was ciystallized by 

with acetone Recrystallization by solution in 89 per cent acetone o oii 

by addition of absolute acetone yielded jS-phenoxyethylmercaptom^^^ 
pemcillin, which assayed 1190 umts per mg and had a differenti 
value of 0 84 The ultraviolet absorption curve demonstrated t e pr 
of the desired acyl groupmg m the pemcillm ® 

Analysts— CisHjiNiOsSjNa Calculated N 6 48, S 14 83 

Found " 6 41, " 14 62 

5 Micro fluorine analysis performed by the Huffman Microanalytwid La 
Denver, Colorado 
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^-N aphUujlmci captomelhylpenicilhn — N - (2-Hydi oxyethyl) -/3-naphthyl- 
luercaptoacetamicle (6) (313 mg per htei) ^\as used as the piecursoi ivith 
stiain Q-176 The proceduic previously outimed foi piepaiation of al- 
lyhneicaptomethylpemcillm was followed Maiked loss was noted in 
the piepaiation of the sodium salt fiom amyl acetate On the ethei- 
bulTei (pPI 6 2)-silica column the activity was scatteied ovei the column 
and into the liltiates i\Jl active fiactions weie theiefoie combined for a 
chloroform-buff Cl (pH 6 2) column Twm bands weie evident on this 
column Both weie investigated fuithei Only the lowei band contained 
appreciable quantities of the desiied pemcillin This fiaction was fuithei 
puiified by use of a second cliloioform column, this time with buffer of 
pH 6 4 104,000 units of this mateiial were tiansfoimed to the sodium 

salt and dried fiom the frozen state The diied mateiial assayed 625 
umts per mg and gave a diffeiential assay value of 0 89 On tieatment 
wTith absolute acetone, ciystallization occuiied Aftei washmg with 
absolute acetone, the diied mateiial assayed 1230 umts pei mg Following 
two successive recrystallizations fiom 80 pei cent acetone with addition of 
absolute acetone, the /3-naphthylmercaptomethylpemcillin assayed 2160 
umts per mg and gave a differential assay value of 0 91 The ultiaviolet 
absorption cuive was in good agreement with that observed for the 
precmsoi 

Analysis — CsoHiaN OjSjNa Calculated N 6 39, S 14 62 

Found » 6 78, “ 13 82 

Phenylselenomethylpemcilhn — Phenylselenoacetic acid (9) (258 mg per 
liter) served as the precuisoi in a fermentation smiilai to that desciibed 
for cyclopentylmethylpemcillin The ethei-buffei (pH 6 3) column con- 
tamed a single band on the upper half of the column The penicillin 
was purified further on a chloiofoim column with buffer at pH 6 3 The 
activity was spread over the lower two-thiids of the column The active 
fractions were combined, and the sodium salt of the penicillin was prepared 
and dried Tieatment of the material (111 gm ) with absolute acetone 
gave a crystalline product Reciystallization fiom 100 ml of 87 5 per 
cent acetone by addition of 300 ml of acetone yielded 7 0 gm of phenyl- 
selenomethylpenicillm assaymg 2400 units pei mg and giving a differential 
assay value of 0 74 A small sample was lecrystalhzed again for analysis 
It assayed 2660 units per mg and gave a diffeiential assay value of 0 74 

Aaaij/sis— CisHuNjOiSSeNa Calculated Se 18 14, N 6 44, S 7 36 

Found “ 17 87, “ 6 33, “ 7 52 

The ultraviolet absoiption curve confiimed the presence of the desired 
pemcillin ^ 
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p - M ethoxyphenoxymethylpemcillin — N - (2 - Hydroxyethyl) -p- methoxy 
phenoxyacetamide (6) (180 mg per liter) was used as the precursor mtb 
strain NRRL 1976 It was noted that use of this compound caused a 
deciease of total pemcillm yield No effect on the growth of the mold was 
noticed The ethei -buffer (pH 6 4) silica column contained a band on 
the uppei poition of the column When this material was rechromato 
giaphed on a chloioform-buffer (pH 6 2) column, the activity was divided 
into two bands, one m the filtiate fractions and one on the column The 
filtrate band was recovered m the usual fashion and was crystallized from 
acetone Aftei thiee reciystallizations from 90 per cent acetone by 
addition of acetone, the pemcdlin gave an ultraviolet absorption cun'e 
which was m good agreement with that of the precursor ® 

Analysis — CnHisNoOcSNa Calculated OCHs 7 71, N 6 96 

Found “ 7 07 

After two more recrystalbzations, the p-methoxyphenoxymethylpemcilbn 
assayed 1120 umts per mg and gave a differential assay value of 092 

Found, OCHj 7 14, N 6 35 

S-Thiophemmeicaptomethylpenicilhn — ^209 mg pei litei of 3-thiophene 
meicaptoacetic acid (6) were used as the precmsor in a fermentation 
similar to that descnbed for cyclopentylmethylpemciUin A large portion 
of the activity on the ether -buff ei (pH 6 2) column was found in a con 
centiated band near the top of the column This material was convert 
mto the sodium salt which was dried from the frozen state Treatment 
xvith absolute acetone yielded a ciystalline product which was twee 
lecrystallized from 90 per cent acetone by addition of dry acetone e 
sodium 3-thiophenemercaptomethylpemcillin assayed 2160 units per do 
and gave a differential assay value of 0 70 

Analysis — Ci4HiBN;04S3Na Calculated N 7 10, S 24 38 

Found “ 6 29, “ 20 18 

A sample was lecrystallized from water -butanol m the manner previou^/ 
described, and from aqueous acetone as described above It 
2000 umts per mg and gave a differential assay value of 0 76 

Found, N 6 83, S 20 29 

Experimental Procedure for Ultraviolet Absorption Data of New Biosyidl 

Penicillins 

The samples of pemciUins and precursors for ultraviolet 
spectra were weighed from lots on which analyses had been 
They weie dried in vacuo at 60° for 2 horns About 1 mg was 
nucio balance into a cahbiated volumetric flask All dilutions ^ ^ qqj y 
with calibrated volumetric ware The pemciUms were disso ve 
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phosphate buftei, pH 7 0, and the absoiption cuive lun against the same 
buITei solution as the blank The piecursois were dissolved in distilled 
water and i un against distilled watei as the blank 
The absoiption data weie obtamed wth a Beckman qiiaitz spectro- 
photometei , inth a hydi ogen dischai ge lamp as a light soui ce Points were 
taken at 2 mg intei vals tin oughoiit the curves The nommal band ividth 
obtained was less than 3 mg between 220 and 360 mg, reachmg a low 
value of 2 mg band width 

The authois expiess then gratitude to Di G H A Clowes, Dr E C 
IGeiderer, and H A Shonle for then interest in this work ® The micro- 
analyses vere performed by W L Brown and H L Hunter We are 
happy to acknowledge the woik of G L Shaw in designing and installing 
the pilot plant equipment 


SUMMARY 

Followmg the use of appiopnate piecursois some thirty new pemcil- 
lins have been isolated and identified In several mstances the new pem- 
ciUins are formed by the mold, with virtual exclusion of the natural 
pemciUins The side chains of these pemcillms contam chemical gioup- 
'ings which may be considered as biologically foieign substances m that 
they are not normally found in natuial pemcillms The activity of 
these pemcillms, determmed with Staphylococcus aureus, varies from 
about 550 to 3400 units per mg 
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In a previous study it w as demonstrated that the ingestion of carotene 
by rats fed thiourea or thiouracil resulted m only negligible stores of vitamin 
A m the animal, but that nomal stores accumulated u'hen the effects of 
these drugs were corrected with thyroj-ine (1) The metabohc stimulants 
and depressants e\erted only slight effects on vitamin A storage when the 
dietary source of the stored vitamin was vitamm A itself rather than caro- 
tene These studies have now been extended to include another factor 
capable of influencmg the rate of biological oxidations, viz a-tocopherol 

The sparing effect of tocopherol on vitamm A and caiotene tn vivo was 
first described by Moore (2, 3), and the origmal observations were greatly 
amplified by Hickman and his associates (4-6) The lattei workers ob- 
served, however, that, when a relatively large amount of tocopherol (5 mg 
per rat daily) was fed to rats, growth due to carotene or vitamm A was less 
than when moderate amounts of tocopherol were fed The effect was 
greater when carotene was fed This suggested that tocopherol, like thi- 
ourea or thiouracil, might be capable of interfering with the conversion of 
carotene to vitamm A In the present study relatively large amounts of 
tocopherol were admimstered to rats m various ways, and the storage of 
vitamm A was determined m rats fed either vitamm A itself or /S-carotene 
In addition attempts were made to associate differences in storage ivith the 
metabolic rate or the fecal excretion of carotene 

Methods 

Weanlmg rats were placed on a diet low in vitamm A, consistmg of casein 
18, dextrm 65, cottonseed (Wesson) oil 6, brewers’ yeast 8, and salts 4 (7) 
16 drops of DrisdoP contammg 4000 umts of vitamm E were added per 10 

♦Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station Supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumni Research Foundation and the 
Jonathan Bowman Fund for Cancer Research 

t National Institute of Health Junior Research Fellow 

^ A propylene glycol solution containing 10 000 U S P units per gm of a crystal- 
line vitamin D from ergosterol, Winthrop Chemical Company, Inc , New York 
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kilos of diet The rats were maintained on this diet for 22 to 28 days, t e , 
until they failed to gam weight over a period of 7 days They were then 
divided mto two laige series, comparable m weight and sex One wasted 
40 7 of )3-carotene ( 8 ) per day, the other received 40 1 u of vitamin A from 
the non-sapomfiable portion of halibut hvei oil These senes were further 
subdivided mto groups of seven or eight animals, which received a daily 
supplement of 0 to 10 mg of a-tocopherol- together with the vitamm A 
source, or 5 mg of a-tocopherol 8 hours after the vitamm A source The 
daily doses of vitamm A, j 8 -caiotene, or a-tocopherol were each fed in 3 
drops of Wesson oil from calibrated dioppers Two groups also received 
a-tocopheiol mtraperitoneally The tocopherol was prepared for injection 
by dissolvmg 1 gm m 6 gm of Tween 20^ and diluting to 50 ml ivith water, 
0 25 ml , contaimng 5 mg of a-tocopherol, was mjected mtrapentoneally 
each day All animals were given the appropriate supplements for 14 days 
and were lolled by decapitation 24 hours after receivmg the last supple- 
ment The livers and ladneys were removed and analyzed for vitamin 
A as described previously ( 8 , 9) 

EXPERIMENTAL 

G) owth — ^The rats m all groups appeared to be m good health except for 
certam mdividuals m the gioups that received Tween 20 and tocophero 
mtraperitoneally Diairhea was noticed m these rats and about three- 
fourths of them had adhesions between the hvei and the diaphragm ® 
average weight gams for all the other groups were 49 5 gm m 2 
the senes fed vitamin A and 52 0 gm foi those fed ^-carotene 1 ® 

there were some differences between groups withm each senes, there wass® 
conclusive evidence of improved growth with mcreasmg tocophero m 
(Table I), presumably because the amounts of carotene and vitamin 
were more than adequate for such growth as was permitted by the o 
constituents of the diet and because the cottonseed oil m the bnsa 
supplied enough tocopherol (0 37 mg per gm of oil by the Furter ^ 
test) to stabilize the carotene or vitamm A m the digestive tract 

Storage of Vitamin A — ^When the source of vitamm A fed to the 
a concentrate from halibut liver oil, similar amounts of vita^ 
found m the hveis and kidneys of all groups, w'hether 0 , 2 5 , 5 , 
of a-tocopherol were fed with the concentrate or whether 5 mg o a _ 
erol were fed 8 hours later The average amounts found m t ese 
ranged from 52 5 to 61 2 7 of vitamin A (Table I) However, w en 

v Inc Babwayi 

- Synthetic dNa-tocopherol purchased from Merck and Company, > 

New Jersey , tlie \t]ai 

^ Sorbitan monolaurate polyoxyalkylene derivative, obtains 
Powder Company, Wilrmngton, Delaware 
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tene was fed, the amounts of vitamm A found m the tissues vaned mversely 
with the amount of a-tocopherol fed with the carotene Rats receivmg 
0 to 2 5 mg supplements of a-tocopheiol stored 45 7 to 48 7 7 of vitamm A 
m their tissues When 5 mg of a-tocopherol were fed daily, this storage 
dropped to a mean of 319 ±427 of vitamin A, and when 10 mg of a-to- 
copherol weie fed daily, only 25 7 7 of vitamin A were stoied However, 
when 5 mg of a-tocopherol daily were fed 8 hours after the mgestion of the 
caiotene, the amounts of vitamm A stored m the body were essentially 


Table I 

Growth and Vitamm A Storage in Rats Fed Vitamin A or ^-Carotene in Presence of 
Various Amounts of a-Tocopherol* 


Daily 
dose of 
a tocoph 
eroi 

Vitamin A supplcmentf 

^ Carotene supplcmentf 

Weight 

gains 

Kidney 

vitamin 

A 

Liver 

vitamin 

A 

Total vitamm A 

Weight 

gams 

Kidney 
vitamm j 
A 

Liver 

vitamin 

A 

Total vitamm A 

mg 

gm 

y 

y 

y 

gm 

n 

y 

y 

0 

49 1 

15 4 

40 8 

56 2 ± 1 8t 

48 6 


30 5 

47 2 ± 3 6 

0 5 

50 3 

14 9 

46 3 

61 2 ± 2 7 

45 0 


31 1 

48 7 ± 4 3 

2 5 

46 3 

15 0 

37 5 

52 5 ± 1 3 

51 0 

1^9 

29 8 

45 7 ± 4 2 

5 

45 4 

13 8 

40 5 

54 3 ± 1 8 

60 0 

14 9 

17 0 

31 9 ± 4 2 

10 

40 3 

19 2 

36 7 

55 9 ± 2 5 

63 5 

19 1 

6 6 

25 7 ± 3 3 

5§ 

46 4 

11 1 

36 8 

47 9 ± 2 7 

53 5 

17 9 

17 7 

35 6 ± 5 1 

511 

68 4 

20 6 

34 7 

55 3 ± 3 3 

55 7 

21 4 

25 5 

46 9 ± 4 0 


* The figures are mean values with seven or eight rats per group 
t Supplements administered daily for 14 days 

t The standard error of the mean = V2(X - i)7n(7i - 1), where Z = mdmdual 
values, X = the group mean, n = the number of individuals 

§ a-Tocopherol administered by daily intrapentoneal injections, see the text 
II The vitamin A supplement was given in the morning and the a-tocopherol was 
fed approximately 8 hours later 

equal to those m the group not fed any supplement of tocopherol, 46 9 
± 40 7 versus 47 2 ± 3 6 7 Incidentally, as m a previous study ( 8 ), 
sigmficant amounts of vitamin A were found in the kidneys of all groups 
whether the dietary source of the vitamm was carotene or vitamm A itself 
(Table I) When the total amount m the body was low, kidney storage 
exceeded liver storage 

a-Tocopherol mjected mtiapeiitoneally appeared to depress vitamm A 
storage somewhat, but the significance of the result was doubtful smce the 
condition of the animals was not always good The rats mjected mtraperi- 
toneally with 5 0 mg of a-tocopherol contained 47 9 7 of vitamm A when 
the source of the vitamin was hahbut liver oil, or about 15 per cent less than 
that found m comparable unmjected rats (Table I) In the senes fed 
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collected m a 10 ml volumetnc flask and hydrolyzed with 2 ml of 6 n HCl 
for 1 hour The hydrolysate was neutralized and diluted to 10 ml as 
described previously 2 ml of the neutralized solution were taken for the 
glutamme determination In pure solution and m the absence of aspar- 
agine the glutamic acid may be determmed directly without fuither adsorp 
tion on a second column Under such conditions the hydrolyzed solution 
was neutralized, 5 mM of acetic acid were added, and the solution was 
diluted to 10 ml ivith water 4 ml of this solution were treated with nin 
hydrin In all determinations on tissue filtrates the hydrolyzed solution, 
containing glutamic acid ongmatmg from glutamine, was passed through a 
second column The recovery of glutamine alone or m solutions contammg 
glutamic acid and amide, as obtamed m the above procedure, amounted 
to 95 to 105 per cent 

Removal of Cluialhtone — In glutathione-contaming solutions, cysteine 
and glutamic acid, equivalent to approvimately 20 per cent of the tnpeptide 
when expressed as glutamic acid, were liberated under the conditions em 
ployed for glutamme hydrolysis The removal of glutathione by precipi 
tation with metal salts (copper, cadmium, lead) led to considerable losses 
of glutamic acid A nearly complete removal of glutathione or cysteine 
without loss of glutamic acid was accomplished by adsorbing the sulfhydij 
compound on lead carbonate introduced on top of the aluminum o\i 6 
column 1 mg of lead carbonate ( 2 PbC 03 Pb(OH) 2 ) suspended ^ 
of water was superimposed on the aluminum oxide column under gen 
suction By this modification of the column, glutathione and any cysteine 
were removed to the extent of at least 99 per cent (Table I) The last 
glutathione experiments show that glutathione does not interfere wit 
direct determination of glutamme after glutamic acid adsorption 
thione m the amounts Icnown to occur m mammahan tissue ( ) 
successfully eliminated by this procedure 

Determination and Removal of Kelo Acids — In the course of t e inv 
gation it became desirable to determine the keto acids forme a 
mtraintestinal administration of glutamic acid and glutamine 
noted that high concentrations of keto acids, equivalent to more t 
of pyruvic acid per 100 ml of plasma, lowered the glutamic aci 
after acid hydrolysis of samples foi the determination of total g u 
(glutamic acid plus glutamme) by the original method (3) 
ference was experienced w'hen the filtrates from glutamic aci 
contammg only glutamine, w^ere submitted to acid ,5 to be 

of the keto acid was retained m the column If total glutamic as 

determmed by the original procedure, the keto acids may 
the 2,4-dmitrophenylhydrazones, and they may be estima e 
procedure 
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In the experiments with blood plasma filtrates, 2 ml of 0 1 per cent 
2 ,4-dmitrophenylhydiazone m 2 n HCl were added to 1 ml of the trichloro- 
acetic acid filtrate After 25 minutes the hydrazone was extracted with 
eight 4 ml portions of benzene The hydrazone was extracted from the 
benzene solution with three 2 ml portions of a 10 per cent solution of 
sodium bicarbonate, the color was developed by the addition of 5 ml of 
2 N NaOH to 5 ml of the extract, and read after 5 mmutes m the Coleman 
junior spectrophotometer at wave-lengths 420 and 520 m^ m order to 


Table I 

Delerminalion of Glutamic Acid and Glutamine in Presence of SH Compounds 


SH compound added 

In sample 

Found 

Glutamic acid 

Glutamine 

Glutamic acid 

Glutamine 

7 

7 

7 

7 

7 

Gluta- 

604 



4 7 


thione 

1803 



8 3 



3012 



14 9 



564 

41 4 


41 8 



600 

37 3 


37 3 



1800 

37 3 


41 2 



2400 

37 3 


45 8 



1114 

20 8 

234* 

21 9t 

236 


2228 

41 6 

468* 

45 It 

438 

Cysteine 

21 2 

41 4 


41 8 



* Corrected for a content of 92 5 per cent of glutamine 
t Corrected for retention of 1 per cent of glutamine as glutamic acid (2) 


determme ketoglutaric acid and pyruvic acid Sodium pyruvate served 
as the standard (5, 6) 

For the determmation of the total glutamic acid content after the re- 
moval of keto acids, 1 ml of the extracted trichloroacetic acid filtrate was 
hydrolyzed with 0 5 ml of 6 N HCl at 100° for 1 hour, neutralized, and 
diluted to 5 ml with water 2 ml aliquots were tal^en for the duplicate 
determinations 

Absorption Experiments Cats — A. cannula was introduced mto the 
trachea of a cat (4 to 5 kilos) imder diallylbaibituric acid‘ anesthesia, and 
hepann' was mjected mtravenously After hgation of the gastrosplenic 
vem, a 2-way carmula with a side arm was mtroduced into the portal vein 
Thus the portal blood flow was not obstructed A blood sample (8 ml ) 
was removed before the mjection mto the small mtestme of 5 ml of salme 

‘ We are indebted to Ciba Pharmaceutical Products, Inc , for a gift of diallyl- 
barbituric acid and to Roche-Organon for a generous supply of heparin 
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containing glutamic acid, glutamme, or glutathione, adjusted to pH 7 3 
Two further blood samples were taken 15 and 30 mmutes later The ceil 
volume was determmed m all blood samples 
Man — ^Venous blood was taken from human subjects at least 18 hours 
after the last meal Two further blood samples were removed 1 and 2 
hours after the intake of 1 gm of glutamic acid per 10 kilos of body weight 
The whole amount of glutamic acid was suspended m 100 ml of water 

RESULTS AND DISCUSSION 

The analysis of the blood of the portal vem after the intramtestmai 
admmistration of glutamic acid or glutamme showed that both compountls 

Tabus II 

ConcentraHon of Free Glutamic Acid and Glutamine in Blood Plasma of Portal Van 
after Intraintestinal Admimslration of Glutamic Acid, 

Glutamine, and Glutathione 


Values e\preeaed as mg per 100 ml of plasma * 


Time after 
admin 
istratiao 

Cat 1 1 

Cat 2 1 

Cal 3 1 

1 Cat! 

1 Cats 

Cat 6 

Acid 

i Amide 

1 

Acid 

Amide 








Affliii* 



i 







j 



50 

0 

2 8 


1 7 



6 4 

1 6 

5 9 

1 9 

5 0 

21 \ 

i 

100 glutamic aad 

administered 

100 mg glutamme 
administered 

losing glulaltaooe 

administered 

15 

m 

IB 

6 6 

m 

3 9 

12 7 

1 9 

lii 

IB 


1 8 

|5« 

30 


131 

1 0 


31 

25 8 

1 6 

m 

D 

m 

2 3 


* Per cent blood cells Cat 1, 44, 36, 35, Cat 6, 49, 42, 41, Cats 2 to 5, change m 


blood cell volume less than 3 per cent 

passed the mtestmal wall without any significant mterconversion 
II) A considerable mcrease of the admmistered compound occurr ^ 
mmutes aftei admmistration, with only a small change m the leve o 
other Simultaneously with the large mcrease m the glutamic j 
centration in the plasma after the admmistration of this ammo aci 
and 2) there was found, aftei 15 mmutes, a decrease m the glutamme t 
The mcrease of the glutamme concentration at 30 mmutes may 
preted as a release from the tissues of glutamme either 
admmisteied glutamic acid oi mobilized as a result of the mcrease 
acid concentration Both phenomena, the decrease of the ® ^ ,p}jeral 
centration and the followmg mcrease, have also been found m 
blood plasma of human subjects after the ingestion of glutamic 
effect of an mcreased glutamic acid concentration m p asma 
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the glutamine level appears to be part of a general mechanism smce a 
lowermg of the concentrations of glutamme, glycme, and residual ammo 
nitrogen has been found under similar conditions in dogs (7) 

In the glutamine expeiiments, there was found a small mcrease of 
glutamic acid, which is appaiently not related to the glutamme concen- 
tration, and may therefore be due to a release of glutamic acid oiigmatmg 
from the mcreased glutamme concentiation m the tissue 

Glutamic acid and glutamme are apparently not converted mto each 
other dm mg the passage through the mtestmal wall, and there seems to be 
no extensive deammation durmg this process Only msignificant mcreases 
m the keto acid concentiation weie found and the optical absorption ratios 
of the hydiazones at 420 and 520 m/i varied between 1 2 and 1 4, a result 
which mdicates that the relative concentration of ketoglutanc acid did 
not change significantly, eithei durmg the absorption of glutamme or the 
parent ammo acid 

After the mtiamtestmal admmistration of an equivalent amount of 
glutathione, there was no change m the glutamic acid or glutamme concen- 
tration of the plasma of portal blood durmg the experimental period com- 
parable with that found dunng the absorption of the ammo acid and its 
amide It has been pomted out m the experimental part that glutathione, 
if not removed, contnbuted to the glutamme fraction after acid hydrolysis 
about 20 per cent of its concentration m glutamic acid equivalents V alues 
obtamed for glutamme in the glutathione experiments with and without 
the modification developed for the removal of glutathione agreed withm 
the error of the method It appears therefore that the tnpeptide, if ab- 
sorbed durmg the experimental period, is taken up rapidly by the cells 
or that it 18 not metabolized durmg passage thiough the mtestmal wall 
to glutamic acid or glutamme to any considerable degree 

The direct evidence (8, 9) for the occurrence of glutamme and asparagme 
m protems is based on the isolation of the amides from enzymatic hydrol- 
ysates If changes m the glutamme content of the food protems due to 
storage and preparation of the food are disregarded for the present, our 
experiments suggest the possibility that glutamic acid and glutamme are 
absorbed m about the ratio m which they occur m the origmal protem 
Dependmg on the composition of the protems ingested, varying amounts 
of the two compounds will therefore be absorbed and the organism, by 
enz 3 rmatic mechanisms, wall have to adjust the amounts to the specific 
ratios of the tissues 

The oral admmistration of glutamic acid to human subjects led always 
to an mcrease of varymg degree m the glutamic acid concentration of the 
peripheral blood (Table III) Two types of responses to the elevation of 
the blood glutarmc acid may be distmguished A small mcrease of the 
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glutamic acid concentration appeared to be accompanied by a considerable 
mcrease m the glutamme concentration, which may be mterpreted as the 
return of the amidated ammo acid from the tissue or a mobilization of 
tissue glutamine A high glutamic acid concentration m the blood appeared 
to lead to a considerable decrease m the glutamine values 1 hour after the 
admmistration In the experiments with cats, both the decrease and the 
mcrease m glutamme concentration were found m the portal blood of the 
same animal as a response to an elevated glutamic acid concentration 
These findings are an additional demonstration of the influence of the 
blood concentration of one ammo acid on that of another These expen 
ments do not permit any prediction as to the glutamic acid and glutamme 
levels m blood to be expected if glutamic acid is admmistered m combma 
tion with other ammo acids, as m hydrolysates or whole protem 
Beneficial effects of the oral admmistration of glutamic acid to epileptics 


Table III 

Conceniralton of Free Glulamtc Acid and Glulanine after Oral Ad-nintslrationo! 
Glulannc Acid to Human Subjects {i Gm per W Kilos) 


Values expressed as mg per 100 ml of plasma 


Time after 

Subject 1 

Subject 2 

Subject 3 

Subject 1 

isuation 

Acid 

Amide 

Acid 

1 

Amide 

Acid j 

Amide j 

Acid 


bn 








^^9 

0 

0 6 

8 4 

0 6 

10 6 

1 2 

84 

0 8 

1 

1 0 

10 3 

1 2 

14 0 

50 

I 5 8 

1 9 5 

2 ! 

1 0 

8 9 

08 

11 3 

! 07 

! 6 3 

■IB 


and mental defectives have been reported (10, 11) It had been * 
to understand \\hy a daily admmistration of only 10 to 20 gm of gluta® 
acid could have any effect m view of the large amounts of 
ordmarily ingested with protem The absorption ex-penments "i 
cat show that glutamme and glutaimc acid may pass the intestma 
without interconversion Therefore, depending on the glutarnme-g u ^ 
acid ratio m the protem, a small amount of additional glutamic 
considerably inciease the relative intake of this ammo acid 
ments with human subjects show that the ingestion of 2 or > 
therapeutic amount of glutamic acid leads to a significant 
blood glutamic acid level and to alterations m the metabolism o g 


SUMMARY 

A simplified modification of the method for the ° ab- 

acid and glutamme is described Glutamme and glutaimc 
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sorbed from the gut of the cat without mterconversion The elevated 
glutamic acid level m the portal blood is accompanied by a decrease m the 
glutamine level, followed by an mcrease The oral admmistration of 
glutamic acid to human subjects leads to an increase of the glutamic acid 
level m the peiipheral blood, with a simultaneous decrease oi mcrease m 
the glutamme concentration 
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THE SPECTROPHOTOMETRIC ESTIMATION OF NICOTINE 

IN BLOOD* 


By WILLMM a WOLFF, MARINA A HAWKINS, and W E GILES 

(From the Tobacco Reaearch Laboratory, Bowman Gray School of Medicine, IFafce Forest 
College, Winston Salem, North Carolina) 

(Received for publication, April 3, 1948) 

Studies on tobacco smoking have been handicapped by the lack of 
methods sufficiently sensitive for estimatmg nicotine m blood The 
amount of nicotine absorbed in the respiratory tiact fiom cigarette smoke 
has been determined undei conditions of noimal smolcing (2) and there 
are satisfactoiy proceduies for the study of uiinary excretion of nicotme 
(3, 4) About 50 y of mcotine in a 1 hour specimen of dog urine was the 
smallest sample used m such studies (3) This quantity of mcotme is 
many times that to be expected in 10 ml of blood from a smoker With 
the study of blood mcotme levels as a general objective, the present authors 
undertook the development of a new analytical method which would 
permit the quantitative separation and estimation of the minute amount 
of mcotine present m a few ml of blood from a smoker By the use of 
several features, novel for mcotine methods, satisfactory techmques have 
been developed for handling 1 to 50 7 of mcotme in 10 to 20 ml volumes 
of blood 

Apparatus and Reagents — 

Distillation unit An all-glass apparatus was constructed ^vlth parts 
coimected by ball and socket or standard taper jomts lubricated with a 
thin film of silicone grease The distillmg flask was made fiom a 500 ml 
Kjeldahl type mth a steam inlet tube fused mto the neck and was fitted 
with a Corning No 2020 connecting bulb 

Speclt ophotometer Beckman, model DU , used as a colorimeter 

Nicotine standaids Highest purity mcotme (Eastman, No 1242) was 
made up m distilled water to a concentration of approximately 2 mg per 
ml and standardized with sihcotungstic acid (5) This stock solution 
was diluted to give the desired concentration for working standards, 
usually 0 5 to 2 7 per ml 

Sodium chloi ide, c P 

• I 

Sodium hydroxide, c p pellets 

Tnchloroacetic acid 50 per cent solution (w'eight by volume) 

* This study was mads possibla by a grant from the ^ledical Relations Eivision 
of William Esty and Company, Ino , New York 

A prelimmary report has been made (1) 
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Potassium acetate c p , 5 0 pei cent m 95 per cent ethanol 
P-Naphthylamine Eastman, No 174, 1 2 per cent m 95 per cent ethanol 
Cyanogen biomide Eastman, No 919, 10 0 per cent in 95 per cent 


ethanol 

Ethanol U S P grade, redistilled from phosphoric acid and from 
sohd sodium hydroxide 

Activated caibon Nuchai C (West Virgima Pulp and Paper Company, 
New York) 

Table I 

Effect of Protein Precipitants on Recovery of Nicotine Added to Blood 

40 y of mcotine were added to each 10 ml of blood 

Precipitaat 

Nicotine teco\crcd 

Copper tungstate* 


7 

7 9 

7 5 

Zme hydroxide 


19 1 

20 0 

Tungstic acid 


20 4 

22 2 

jrt-Phosphonc acid 


36 0 

40 9 

Trichloroacetic acid 


38 6 

39 6 


* Blood plasma used instead of whole blood 


EXPERIMENTAL 

Critical studies have been made on numerous details used m “ . ^ 
methods Selected experiments which have a bearing on t e 
m the method presented here are summarized m the fo 
Piotein Precipitation — Extensive experience in this laboia 
that the direct deternnnation of mcotine in blood was no ea^ protein 
further, that mcotme must be separated quantitatively from o 
This requirement is a specific reagent which ivill precipi a 
protems and leave the same concentration of mcotme m o 
solid phases This would permit analyses on aliquots o 
filtrate A number of protein precipitants were results 

plasma contaimng defimte amounts of added nicotine can b® 

m Table I mdicate that nearly 100 per cent of the a e /j^jchloro' 
recovered by using trichloroacetic acid or m-phosp one a ^ relati'® 
acetic acid was selected because of convenience m use 
stabihty of its solution m comparison to m-phosphonc aci 
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DislilIaUon — Nicotine distils lery slonly under the conditions specified 
m the ofTcial method (5) and only a fi action of a 40 7 sample appears m 
the first 100 ml of distillate By increasing the alkali concentration to 5 
M (20 per cent sodium hydio\ide, weight by volume) and keeping the 
solution m the distillation flask saturated with sodium chloride, as sug- 
gested by Bowen and Barthel (6), 1 to 50 7 of nicotine is separated quanti- 
tatively in the first 20 ml of distillate Nicotine distils quite readily from 
alkaline solutions containing about 10 per cent ethanol, and much better 
recoveries of small samples are obtained than ivith the conventional steam 
distillation All the nicotine is present in the first 20 ml of ethanol- 
water distillate, thus permitting a larger aliquot (3 ml instead of the usual 
2 ml of aqueous distillate) to be used m the subsequent colorimetric deter- 
mination Furthermore, the color is sharper and more stable ivith the 
ethanol distillates than with the steam distillates 

Colonmetnc EsUmahon — Of the several colorimetnc procedures recom- 
mended for the estimation of nicotine, the cyanogen bromide-;8-naphthyl- 
amme reaction is sufficiently sensitive for the present purpose Optimum 
conditions for color development with relatively large samples of pure 
nicotine m water solutions have been studied extensively (7, 8) with results 
which were confirmed in this laboratory However, in the present study 
it was necessary to estimate much smaller quantities of mcotme, 0 05 to 
1 0 7, in the presence of mterfenng substances from blood Our best 
results were obtained w'hen the color was developed at 20-25® at about 
pH 9 The total volume w'as 4 ml and contained 10 mg of potassium 
acetate, 6 mg of )3-naphthylamme, 30 mg of cyanogen bromide, and 2 ml 
of ethanol In this system the color reached a maximum mtensity m 6 
to 8 mmutes after the reagents were added and faded thereafter The 
rate of fading in the nicotine standard appeared to be different from that 
of the mterfenng substances Consequently, readings were made at the 
time of maximum color intensity The standard should contain approxi- 
mately the same concentration of nicotine as the chromogemc material 
(blank plus mcotme) present m the unlmowm If larger amounts of 
mcotme are used, 2 to 10 7 per determination, and the blank material does 
not contribute more than 10 per cent of the total color, satisfactory read- 
ings may be made at 20 to 30 mmutes after the reagents are added, as 
recommended by others (7, 8) 

Intel fei mg Substances — Trichloroacetic acid or m-phosphoric acid fil- 
trates from blood of non-smokers contam material w'hich distils in steam 
from alkaline solution and reacts like mcotme with the cyanogen bromide- 
/3-naphthylamine reagents This material, designated the “nicotine 
blank,” and probably a group of compounds, show's a marked increase 
foUowmg the mgestion of purme-contammg beverages (tea and coffee) and 
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also following a diet high in protein No increase resulted from a diet of 
fruit juices or from canned tomatoes We were unable to reduce the blank 
value to zero by an exclusive carbohydrate diet for a 3 day penod 
The blank material is remarkably stable m the presence of a variety of 
chemical leagents There was no change in ita value by (o) refluxing at 
100° for 5 hours with either 10 per cent sodium hydioxide oi 10 per cent 
phosphoric acid, (5) vigorous oxidation with hydrogen peroxide, potassium 
permanganate, or bromine water m acid solution at 20-25°, or (c) treatment 
with mtrous acid Treatment with silver salts m the range pH 0 to 8 
caused an apparent increase m color value, some 30 to 60 per cent of the 
material was precipitated by the silver salts 
The blank material shows the same solubihty in organic solvents as 
does nicotme It is readily extracted from alkalme aqueous solution by 
petroleum ether, benzene, toluene, ethyl ether, chloroform, ethylene dichlo 
nde, and carbon tetrachloride Dilute acid, 0 1 N hydrochloric acid m 
water, removes the blank material from each of these orgamc solvents 
Nicotme cannot be separated from the blank material by differential 
extraction with these solvents 

An attempt was made to differentiate mcotme from blank matenal by a 
spectrophotometric method The absorption spectrum was determined 
for the reaction product of mcotme with the cyanogen bromide-^-naphthyl 
amine reagents Under the same conditions a concentrate of interfering 
substances prepared from blood of non-smokers was treated with cyanogen 
bromide-|3-naphthylamme reagents and its absorption spectrum dety 
mined Both spectia, Curves 1 and 2 in Fig 1, showed a maximum a 
sorption near 480 m/i, with minor differences at other wave-lengths e- 
tween 420 and 570 mu From 570 to 1000 m^ there was no absorption 
Below 420 mju the spectra of both reaction products were nearly the same 
as that of the reagents (Curves 3, 4, and 5, Fig 1) Differences betn 
mcotme and the blank material are too small to permit the estimation o 
ratio by reading at two wave-lengths , . ^ » 

As an indirect approach to the chemical nature of the "mcotme a 
the effect on the method was determmed for a number of pure 
This was done by distillmg with reagents plus the particular 
being tested and developing the color m the distillate No e 
produced by trigonelline, mcotimc acid, creatine, methylamme, an 
methylammomum hydroxide A slight but negligible effect was 
by alanine, tyrosine, histidme, lysme, cholme, ethanolamme, gu^ 
and tnmethylamine Serious mterference was caused by ca ein 
bromme, theophylline, and uric acid Also, serious mterference 
by contact with rubber or rubber compounds , carbon, 

In a senes of adsorption tests it was found that the ac iva 
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Nuchai C, removed all the nicotme from aqueous solution but did not re- 
move the blank mateiial The nicotme ivas completely removed by Nu- 
char C at all levels from pH 0 to 8 Tins seemed to effect a separation from 
the blank material No method was found for eluting the mcotme from 
the carbon Aliquots of filtiates from the blood of non-smokers were 
treated m three different ways to obtam the “nicotine blank ” One 
aliquot was distilled directly, a second was treated with Nuchar C m the 
distillmg flask before the addition of alkali and salt, and to a third were 
added 40 7 of nicotine, or 4 7 per ml of the blood used, treated as the 
second aliquot These findings, shown in Table II, suggested an mdirect 
method for estunating mcotme m the presence of blanlc material The 



WAVE LENCTH—MIULIMICRONS 

Fio 1 Absorption spectra Curves 1 and 5 for nicotine treated with cyanogen 
bromide-/3-naphthylanune, Curves 2 and 3, same for “blank material” from blood of 
non smoker. Curve 4 for reagents only 

total color material (true mcotme plus blank material) could be estimated 
colorimetrically by the cyanogen bromide-/3-naphthylamine reaction The 
solution could then be treated with Nuchar C, redistilled, and the blank 
matenal determined m the same way The mcotme content would be 
the difference between the two determmations, % e , the amount of material 
adsorbed on the Nuchar C is assumed to be mcotme 

Procedure and Results 

Lake 30 ml of oxalated blood with 90 ml of water and add, with stirnng, 
30 ml of 50 per cent trichloroacetic acid Stir vigorously for 5 mmutes 
with a mechanical stirrer to produce a finely divided precipitate and filter 
through a dry paper (Whatman No 1) Pipette 50 ml of the filtrate mto 
the distilhng flask, and add 20 gm of sodium chloride, 10 gm of sodium 
hydroxide, and 5 ml of ethanol Connect the steam generator, which 
should be near the boilmg point Proceed with the distillation, adjusting 
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the Bunsen burner under the distilling flask so that a constant volume is 
maintained Collect one 20 ml fraction and one 15 ml fraction of the 
distillate (add 5 ml of ethanol to the second fraction and use as a check 
foi the completeness of distillation in the first fraction) Pipette a second 
50 ml aliquot of the filtrate into another chstilhng flask (a separate ap 
paratus is used for all distillations mth Nuchar C), add about 0 5 gm of 


Table II 


Effect of Nuchar C on Blank Material in Blood Filtrates from Non Smokers and on 

Added Nicotine 


Sample No 

Blank direct ! 

distiUaCion 

Blank di«tillation with 
Nucbar 

Blank + 47 nicolinc 
distillation with Nuclur 


7 per ml 

7 per ml 

7 per ml 

1 

0 25 



2 

0 19 



3 

0 14 

0 14 


4 

0 29 

0 31 


5 

0 20 

0 22 


6 

0 20 

0 22 

0 25 

7 

0 11 

0 14 

0 11 

8 

0 21 

0 12 

0 15 

9 

0 14 

0 14 


10 

0 08 

0 11 

0 11 


Table III 

Estimation of Nicotine in Blood from Smokers with Use of Nuchar C 


Subject No 

Total color material 

Blank from Nuchar 

NicoUne pres«>‘ 


7 per ml 

7 per ml 

y per ml 

1 

0 22 

0 10 

0 12 

2 

0 23 

0 04 

0 24 

3 

0 21 

0 

0 21 

4 

0 36 

0 08 

0 28 

5 

0 10 

0 

0 10 

6 

0 23 

0 11 

0 12 


Nuchar C, the required amounts of sodium chloride, sodium y 
and ethanol, and repeat the distillation as above If a second a iq 
filtrate is not available, that portion of the distillate for an 

color determination may be treated with Nuchar C and redisti 
estimation of blank material , portions 

To develop the color prepare a reagent blank, a standar , an 
of both distillates m dry test-tubes To separate tubes a jj^mol, 3 
per cent ethanol, 0 2 to 2 0 7 of mcotme m 3 ml of 25 per cen 
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ml of the first distillate, and 3 ml of the second distillate Add to each 
tube fioni micro buiettes exactly 0 2 ml of potassium acetate, 0 5 ml of 
;9-inphthylamino, and 0 3 ml of cyanogen bromide, mixing after the ad- 
dition of each i eagent Note the time and ti ansfer to clean specti ophotom- 
eter cells Read at 480 m/i 6 to 8 minutes after adding the reagents, 
setting the instiument at 100 per cent transmission \nth the reagent blank 
The working tempeiature should be 20-22° and must not exceed 25° 
Trustwoithy results are obtained only by meticulous attention to details 
of spectrophotometnc technique 

Recovery Expei ivients — More than 100 control determinations on nicotine 
in quantities of 1 to 50 7 added to 10 or 20 ml of blood ga\e an acerage 
reco\ ery of 00 to 95 per cent With 1 7 the accuracy is limited somew hat 
by instrumental eriors With larger amounts, the error appears to he a 
percentage error lather than absolute 
Nicolinc ni SmoLcis’ Flood — The method has been used for the deter 
mination of nicotine in blood drawm from smokers, wsth the results shown 
in 3 able III Each blood was drawn at the end of an 8 houi pei lod dining 
which the subject smoked twenty or moie standard brand cigarettes 
The accuracy of these determinations is limited by the ratio of nicotine 
to the blank value The nicotine level becomes somewhat uncertain if it 
IS less than one-half the blank material Within these limitations the 
method is suitable for the study of blood nicotine in relation to tobacco use 

SUMMARY 

A method based on several new features has been developed for estimat- 
ing 1 to 50 7 of nil otine in lO to 20 ml volumes of blood This lepresents 
a 50-fold increase in sensitivity of nicotine methods and makes possible the 
study of blood nicotine in tobacco users 
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THE APPLICATION OF PEPTIDES CONTAINING /3-ALANINE 
TO THE STUDY OF THE SPECIFICITY OF VARIOUS 
PEPTIDA.SES’^ 

Bt H THLO HANSONt vnd EMIL L SMITH 

(Fioni the Laboratory for the Study of Ileieditai y and Metabolic Disorders, and 
the Departments of Medicine and Biological Chemistry, University of Utah 
School of Medicine, Salt Lake City) 

(Keceived for publication, April 26, 1948) 

Very little is Imottn about the r61e of /3-alanine in biological piocesses, 
although it OCCU 13 in pantothenic acid, carnosine, and anserine Its 
presence in the peptides is of inteiest since carnosine is the second most 
abundant nitrogenous extractive of muscle Nevertheless, the function 
of these peptides is unknown, and /3-aIanine has not been found in proteins 
(2) In addition, the behef is wdely held, on the basis of Abderhalden’s 
studies (3), that peptides contammg /3-ammo acids are not hydrolyzed by 
proteolytic enzymes However, the histidine of carnosme is available for 
the growth of animals on a histidine-deficient diet (4) 

The present mvestigation, the first of a series concerned with the be- 
havior of peptides contaimng /3-alanine, deals with the ability of certain 
peptidases to hydrolyze /3-alamne peptides It ivas found that leucme 
ammopeptidase does not distinguish between an a- and a /3-ammo group 
at the sensitive peptide bond This situation is also likely to occur with 
other enzymes in which the mam specificity is directed toivards the amino 
acid moiety possessing the carboxyl group This is probable with the 
ammopeptidase action of chymotrypsin and the amidase action of trypsm 
It has recently been found by Schw'ert et al (5) that trjTism hydrolyzes 
even ester hnkages 

With enzymes which require a free ammo group adjacent to the sensitive 
peptide bond, such as prolidase, glycyl-n-leucme dipeptidase, and glycyl- 
glycme dipeptidase, mcreasing the distance from the fiee ammo group to 
the peptide bond decreases the sensitivity of the substrate quite markedly 
In most instances, it is possible to give a quantitative statement of this 
effect 

It IS evident that the specificity of peptidases tow aids a-ammo acids is 

* This investigation was aided by a grant from the United States Public Health 
Service 

A report of a part of this work was presented at a meeting of the American 
Society of Biological Chemists in March, 1948(1) 

t Postdoctorate Fellow of the United States Public Health Service 
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not absolute, and i3-alanme-containing peptides can be used to secure m 
foi mation regarding enzynoe specificity It is apparent that the hydrolysis 
of compounds of unknoivu structure by proteolytic enzymes can no longer 
be regarded as proof that the compound contains only a-amino acids 


Carboxypeplidase 

Caiboxypeptidase was prepared from frozen beef pancreas by the method 
y " Ajison (6), and recrystalhzed five times as descnbed by Neuratlidd 
^ The relative sensitivity of the various compounds may be compared 
" of their proteolytic coefFcients (C) since the hydiolysis follows 
' the Icmetics of a first order reaction (Table I) The most sensitive loioim 
substrate for carboxypeptidase, carbobenzoxyglycyl-L-phenylalamne [1, 
8), IS hydrolyzed about 800 times as fast as the i3-alanme analogue, carbo- 
benzo\y-0-alanyl-DL-phenylalamne Likeivise, carbobenzoxyglycyl L-leu 
cine is split about 1600 times as fast as carbobenzoxy-iS-alanyl-L-leucine 

Carboxypeptidase hydrolyzes a variety of carbobenzoxy (CBZ) pcP- 
tides of the accompanymg configuration where the dotted hne mdicatCs 


H i H 

1 i I 

CBZ— N"— C C— N'— C COOH 

I I II I I I 

H H O ! H R 

the point of cleavage The introduction of a CH 2 group betv een h 
C" reduces the sensitivity of the substrate from 800 to 
obseived \nth the phenylalanme and leucine compounds Alt oug 

second ammo group has not usually teen thought to influence t 

ity of acylated peptides, this enzyme must have a stiong affim ^ ® 
as \iell as for N' and the free COOH group This is somewhat p. 
since chloroacetyl-L-phenylalanine is rapidly hydrolyzed by car 
tidase (9) It must be concluded that an a substituent of some 
Cl or an N-acylated residue) enhances the sensitivity of t e , ,] 
It IS evident from the failure to observe splitting of 
j8-alanme that the mtercalation of an additional CH 2 qq -is 
and C' reduces the sensitivity of the compound by at j 

compared to the corresponding n-alamne compound, or y 
have been noted at the enzyme concentration which ivas use 


Leucine Ainvnopeptidase ^ 

Highly purified leucine aminopeptidase from hog kmet'c^ 

rapidly splits L-leucylglycme (LG) and L-leucmamide (LA) alanioe 

of a first order leaction It has now been found that n- e 
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(LBA) IS hydrolyzed just as rapidly as the amide and almost as rapidly 
as LG (Table II) The hydrolysis of LBA hkeivise follows first order 
kinetics and C is constant ovei a wide lange of enzyme concentration 
The hydrolysis of LBA, hlce that of LA and LG, is greatly activated by 

Table I 

Action of Carboxijpepltdasc on Various Substrates 
Substrates nere present as sodium salts at a concentration of 0 05 m except for the 
racemic compound, which iias used at 0 1 m Incubations ivere carried out at 25°, 
buffered at pH 7 25 ± 0 25 a ith 0 060 m phosphate C* is the proteolytic coefficient 
obtained by dividing the first order velocity constant (if) by the mg of protein N 
per CO of reaction mixture 


1 

Substrate 

Enryme 

concen 

tratioa 

Tune 

Hydrol 

ysis 

c> 


7 protein N 
per cc 1 

hrs 

per cent 


Carbobenzoxyglycyl-L-phenylalanine 

0 107 



14 

Carbobenzoxy-/3-alanyl-DL-phenylalanin0 

268 

1 0 

48 

0 017 



1 25 

59 

0 019 



1 75 

69 

0 018 



2 0 

73 

0 017 


214 

1 0 

36 

0 015 



1 75 

54 

0 015 



2 25 

66 

0 016 

Carbobenzoxyglyoyl-L-leucine 

2 1 

0 75 

42 

2 4 


1 0 

48 

2 2 



1 25 

53 

2 1 



1 5 

60 

2 1 

Carbobenzoxy jS alanyl-L-leucine 

536 

1 0 

1 5 

10 

15 

0 0014 
n nni .*1 



2 0 

18 

0 0014 



3 0 

30 

0 0016 



4 25 

34 

0 0013 



22 

78 


Carbobenzoxyglycyl-L alanine* 

40 

1 


0 038 

Carbobenzoxyglycylglycine* 

320 

19 

0 

0 0024 

Carbobenzoxyglycyl-;3-alanine 

320 


Carbobenzoxy-/3-alanyI-^-alanine 

320 

19 

0 


Carbobenzoxy-j3-alanylglycine 

320 

i 

19 

4 



* Data of Stahmann, Fruton, and Bergmann (8) 


Mn"*^, and the activation by Mn"^ is a time reaction (10) Moreover, 
the finding that the rates of hydrolysis are not additive when both sub- 
strates are present (Glai 0 54, Clbai 0 51, Gla+lba. 0 62) also mdicates 
that only one enzyme is involved, the small mcrease is probably due to 
the doubhng of the substrate concentration 
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The fact that this enzyme hydrolyzes LA, LBA, LG, and L-leucylglycyl- 
glycine at about the same rate suggests that its specificity is essentially 
that of an amidase, and that it is capable of hydrolyzmg many types of 
substituted amides as well as peptides 
Aqueous extracts of rat muscle contain a leucme ammopeptidase which 
is activated by Mn++ and which rapidly hydrolyzes LG (11) This reac- 
tion follows zero order kinetics LG is spht by this extract 3 tunes as 

Table II 

Hydrolysis of h-Leucyl-p alanine by Leucine Aminopeytidase of Hog Intestinal Mucosa 
The punfied enzyme was incubated at 40° and pH 8 0 for 3 hours with Mn++ 
before addition to the substrate The hydrolytic tests were performed in veronal 
buffer at pH 8 0 The substrate concentration was 0 05 m except for the expen 
ment involving two compounds in which each was present at 0 05 ii 


Snbsttate 

Enzyme 

concen 

Mn'*+ m 
ttst solu 

Tunc 

Hydrol 

Cl 

C, »ver 


tration 

tioa 


ysis 


’ ) 

Y proUtn 
N ptr u 

molt itr 1 

Arz 




^ylglycine 

1 7 

0 001 




0 63 

< eucinamide 

42 

None 




0 014 


3 4 


1 0 

21 

0 55 





1 6 

29 

0 49 





2 0 

39 

0 55 





2 5 

47 

0 55 





3 0 

52 

0 54 


1 



4 0 

64 

0 66 I 

0 54 

L-Leucyl-^-alanme 

42 

None 1 




0 038 

tt 

1 7 


I 

1 



0 52 

(t 

1 3 4 





0 50 

it 

4 2 





0 SO 

1C 

8 4 

0 001 

0 75 

35 

0 61 





1 0 

46 

0 54 





1 25 

60 

0 52 

0 52 

L-Leucinamide + L-leucyl (S-alanine 

3 4 





0 62 



1 




— 


fast as IS LBA (Table III) The sphttmg of LBA also follows zero order 
kinetics and is activated by Mn++ 

Table III also gives the activities of an extract of human uterus (11) 
This preparation apparently contains a leucme ammopeptidase which is 
activated by Mn"*^ and another enzyme which is not so activated bu 
which also acts on LG In the presence of Mn++, this extract hydr^ 
lyzes LG much more rapidly than LA, the second enzyme whic ac s 
on LG IS probably not homospecific with the intestinal leucme amino- 

peptidase (11) 
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The hydrolysis of LG by the uterine preparation proceeds about 8 times 
as fast as the hydrolysis of LBA as judged from the zero order coefficients 
The sphtting of LBA is activated by Mn++ 

If the leucine ammopeptidases of different ongm were completely homo- 


Tible III 

Action of Leucine Aminopcplidaae of Rat Muscle and of Human Uterus on h-Leucyl P- 

alantne 

Tho rat muscio extract was a freshly prepared aqueous solution The uterine 
extract was prepared from an acetone dried powder of an aqueous extract of tho 
tissue The experiments were performed at 40“ in veronal buffer at pH 8 0 C” is 
the zero order velocity constant expressed as per cent hydrolysis per minute per mg 
of protein N per cc 


Tiitue 

Substrata 

Rat muscio 

L-Leucylglycine 


n-Leucyl /3-aIamne 


L-Leucyl P alanine 

Human uterus 

L-Leucylglycine 


L-Leucyl ;3-alanine 


Un«- 

Enzyme 

conren 

tr&tiOQ 

Time 

H 

C» 

mite 
per 1 

mt protein 
N per u 

krs 

per cent 


0 001 

0 30 

0 6 

24 

2 7 



1 0 

43 

2 4 



1 5 

64 

2 4 



2 0 

83 

2 3 

0 001 

1 20 

0 5 

28 

0 78 



1 0 

58 

0 76 



1 6 

82 

0 76 



3 0 

96 


None 

1 20 

1 0 

20 

0 27 



2 0 

44 

0 31 



3 0 

70 

0 38 

0 001 

0 0692 

1 0 

22 

5 3 



1 5 

29 

4 6 



2 0 

41 

4 9 



2 5 

52 

4 9 



3 0 

62 

4 9 

0 001 

0 692 

1 0 

31 

0 74 



1 5 

40 

0 63 



2 0 

52 

0 62 



2 6 

55 

0 52 



3 0 

76 

0 60 


specific enzymes, the ratio Ci.o should be constant However, with 
the preparation fiom hog intestine the ratio is 1 2, with, rat muscle 3 1, an 
with human uterus 8 1 This is additional evidence for the presence of a 
second enzyme in uterus which acts on LG and which possesses a specificity 
different from that of the armnopeptidase 
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Prolidase 

A partially purified preparation of piolidase from hog mtestmal mucosa 
(10) hydrolyzes glycyl-L-piohne (GP) about 330 times more rapidly than 
^-alanyl-L-prolme (BP) (Table IV) The hydrolysis of both compounds 
pioceeds TOth the kmetics of a first order leaction The sphttmg of BP is 
activated by Mn++, and the activation is a time reaction (11) That both 

Table IV 

Action of Prolidase on 0-Alanyl-L-prohne 
In each instance, the enzyme was incubated at 40° and pH 8 0 with Mn++ for 3 
hours before addition to the test solutions The tests were performed in veronal 
buffer at pH 8 0 at a final Mn"*^ concentration of 0 001 m When two compounds acre 
used, each was present at 0 05 m C* is the first order proteolytic coefficient 


Preparation 

Substrate 

Enzyme 

concen 

tration 

Time 

Hydro! 

ysis 

C‘ X ID* 

C, average 
xio* 



mg proUtn 
N per cc 

' hrs 

per cent 



Hog intestinal 

Glyoyl-L-proline 

0 0039 




360 

Mucosa I 

j3-Alanyl-L-prohne 

1 16 

1 75 

28 

1 2 





2 25 

37 

1 3 





6 0 

60 

0 9 





8 0 

75 

1 1 

1 2 

Hog intestinal 

Glyoyl-L-prohne 

0 0016 




1020 

Mucosa 11 

G!ycyl-L-proiine + 

0 0016 




4S0 


/S-alanyl-L-proline 






Rabbit muscle 

1 Glycyl-L-proltne 

0 31 

1 0 

44 

14 





1 1 5 

60 

1 14 





2 0 

64 

12 

13 3 


/3-Alanyl-L-proline 

1 84 

19 

24 

0 057 





25 5 

29 

0 053 





43 

52 

0 068 





48 

53 

0 062 

0 062 


Glycyl-L-prohne + 

0 31 

0 5 

12 

6 1 



/S-alanyl-L-proline 


1 0 

24 

6 5 





1 5 

32 

6 0 

6 4 




2 0 

44 

6 S 


compounds appear to be split by the same enzyme is also indicated y 
experiments m which both were present simultaneously but with an 
concentration which was too low to effect any hydrolysis of BP Un er 
these circumstances, the rate of sphttmg of GP was reduced by 5 per 
cent This suggests that the two compounds compete for the same ac ive 

cpntpr m the enzyme , __ 

Prohdase of rabbit muscle is homospecific ivith the ® 

(11) The homospecificity is further mdicated by the fact t 
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hydrolyzed about 210 times faster than BP in expenments with the enzyme 
from muscle The inhibition in a competition expenment was 52 per cent 
The great reduction m the rate of hydrolysis by the msertion of a CH 2 
group between the fiee ammo group and the sensitive peptide bond mdi- 
cates that this distance is quite ciitical Nevertheless, BP can combine 
equally mcU with the enzyme, as is indicated by the 50 per cent mhibition 
which occurs when both compounds are present These experiments 


Table V 

Hydrolysis of Glycyl l leucine and /3 Alanyl-h leucine by Uterine Extract 
The extract of human uterus was tested at 40° in the presence of 0 001 m Zn"*^ 
and 0 1 m phosphate buffer at pH 7 S The single substrates were present at a 
concentration of O 05 m In the mixture, each substrate was used at a concentra- 
tion of 0 05 M 13 the proteolytic coefficient obtained from the first order ve- 
locity constant, K, and the enzyme concentration, E, expressed in mg of protein 
N per cc where = K/E 


Substrate 

Enzyme 

concentralioQ 

Time 

Hydrolysis 

Cl 


me protein 

N per <0 

hrs 

per cent 



Glycyl-L-leucine 

0 0102 

1 

0 

34 

0 

30 


1 

5 

51 

0 

34 



2 

0 

64 

0 

36 



2 

5 

75 

0 

39 



3 

0 

80 

0 

38 

^-'Vlanyl-L leucine 

0 346 

1 

5 

12 

0 

0018 


2 

0 

14 

0 

0015 



2 

5 

16 

0 

0014 



3 

25 

22 

0 

0017 

Glycyl-L-leucine -f P alanyl-L- 

0 0102 

1 

0 

28 

0 

23 

leucine 


1 

5 

36 

0 

21 


2 

0 

45 

0 

21 



2 

5 

50 

0 

20 



3 

0 

66 

0 

26 


provide further evidence for the necessity of a free ammo ^oup m the 
substrates for this enzyme It has previously beeU reporte t at car 0 
benzoxyglycyl-L-prolme (12) and carbobenzoxyglycylhydroxy-L-prolme (10) 
are resistant to hydrolysis 


Glycyl-h-leiicine Dipeptidase 

A di peptidase which acts on glycyl-n-leucine has recently been ^senbed 
(13) The enzyme from human uterus which is activated by Zn hydro- 
lyzes glycyl-L-leucme about 250 times more rapidly than ^-alanyl-L-leucme 
(Table V) The hydrolysis foUoxvs the kinetics of a first order reaction 
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The presence of the |8-alanme peptide inhibits the hydrolysis of glycyl-i- 
leucine about 35 per cent, as is mdicated by a i eduction of C from 0 36 to 
0 22 Under the conditions employed foi this test, splitting of jS-alanybi- 
leucme would be negligible This demonstrates that the substiatea com- 
pete foi the same active center The situation here is analogous to that 
already discussed foi prolidase 

Glycylglycine Dipephdase 

The propel ties of a glycylglycine dipeptidase which is activated by 
Co++ have recently been desciibed (14) It has now been found that 

Table VI 


Action of Tissue Extracts on Dipeptides Containing y-Alantne 
The tissue extracts were similar to those described in Table III The testa were 
performed at 40" in veronal buffer at pH 7 8 


Tisfue 

Substrate 

Enzyme 

Tunc 

Hydrolysis 

concen 

tration 

No 


OOOlU 







metal 

Co^ 




mg proietn 
N per cc 

kn 

fer ant 

ier cent 

per cent 

Human uterus 

Glycyl-^-alanine 

0 222 

24 

17 

25 

12 


/3-Alanylglycme 

0 346 

24 

0 

1 

1 


/3-AlanyI-|3-alanme 

0 346 

24 

3 

2 

-1 


Glycylglycine 


3 


94 

87 


Glycyl-DL-alanine 

0 222 

1 5 

74 

78 

Rat muscle 

Glycyl j3-alanine 

0 16 

24 

9 

11 

7 


/3-Alanylglycine 

0 56 

43 

2 

1 

0 

1 


0-AIanyl-/5-alanme 

0 66 

43 


-I 


Glycylglycine 

0 16 

6 

19 


63 









extracts rich m this enzyme do not spht /3-alanylglycine or ^-alanyl-^- 
alamne (Table VI) It is also evident that glycyl-/3-alanine is slowly 
hydrolyzed, and that the reaction may be slightly activated by Co++ 
With the uterme pieparation, the hydrolysis of glycyl-DL-alanme is 
shghtly activated by Mn++ and not by Co++ It is evident that t e 
sphttmg of glycyl-|3-alamne is not due to this enzyme The fai^ t « 
j 3 -alanyl-/ 3 -alanme and j8-alanylglycine are not hydrolyzed also mdica es 
that the enzyme which acts on glycyl-DL-alamne has no action on t ese 
0-alamne peptides 


Tt ipeptidase Aciiinty of Rat Muscle 

k fresh extract of rat muscle hydiolyzes triglycme veiy rapi^y. and 
acta on g\ycyl-^-alaiiylg^ycine and digIycyl-/ 3 -aIamne (Table 
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hydroliai-, of /?- ihnylglytylglyLine wib very slow The aged extract 
hydroljzcb only one peptide bond of triglycine, tins is consistent with the 
known 1 ibility of the glytjlglytine dipeptidase of this tissue (14) 

T-lie loss of 'itlnitv tow iids ;3-‘iIuny!glycylglycine m the aged extract 
mdicxites that the splitting of this compound is due to an enzyme distinct 
from the one winch lets on trigb'cme Whether the othei three tripep- 
lidcs are all split by the same enzyme cannot be decided at present 

EXPERIMENTAL 

The tests weie performed in 2 5 cc \olumetiic flasks Hydrolysis was 
followed on 0 2 cc s^imples by the titration of liberated carboxyl groups 


Tvbie VII 

Action of Rat Muscle Extract on Tnpcptides Containing /3 Alanine 

V crude filtered aqueous extract of rat muscle was used for these tests within a few 
hours after the animal w as killed The aged extract had been allowed to standin the 
refrigerator for 3 dajs The eniyme concentration was 0 60 mg of protein N per cc 
in the test solutions The experiments were performed at 40“ in veronal buffer at 
pH 7 8 


Subitrate 

Tune 

Hydrolysis 

Fresh eitract 

Aged extract 

Triglycine 

Glycyl 0 alanylglycine j 

Diglycyl P alanine 

|9-Alanylglycylglycine 

irs 

3 

20 

3 

20 

3 

20 

3 

20 


per cent 

76 

102 

48 

100 

22 

66 

3 

7 


* Hydrolysis of a single peptide bond is given as 100 per cent 


(15) The splitting is expi essed as 100 pei cent for the complete hydrolysis 
of one peptide bond Except where otherwise noted, the substrate con- 
centration was 0 05 M , j 

Rabbit muscle prohdase was piepared from a c^rude, filtered aqueous 
extract of fiesh muscle The precipitate obtained by the addition of 2 
volumes of cold acetone to the extract was collect , was e wi co 
acetone, and dried This powder was exti acted mth water, and the 
precipitate which formed between 0 4 and 0 6 saturation with ammomum 

sulfate was dialyzed and filtered , , .u iu 

In addition to the compounds used m the enzymatic studies, the synthe- 
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SIS of a number of other denvatives of /3-aIanme and of two denvatives of 
L-alanme is described 


Glycyl-^-alamne 

Carhohenzoxyglycyl-p-alamne— To a solution at 0 ° of 4 gm of /9-alanme 
m 20 cc of 2 Ji NaOH, there were added ivith cooling and shaking an ad- 
ditional 25 ce of 2 M NaOH and an ethereal solution of carbobenzoxyglycyl 
chloride from 12 6 gm of carbobenzoxyglycme After standing for 1 
hour at room temperature, the ethei layer ivas discarded and the aqueous 
phase was acidified to Congo red mth 5 m HCI Yield, 8 5 gm , rosettes 
of needles After recrystalhzation fiom hot water, the melting point was 
140° 


GijHnOsNj Calculated C 55 7, H 5 8, N 10 0 
280 3 Found “ 55 8, “ 5 8, “ 10 1 

Chloroacelyl-^-alamne — To 15 gm of |3-alamne in 42 cc of 4 m NaOH at 
0 °, there were added alternately in portions, wnth cooling and shakmg, 21 
gra of chloroacetyl chloride in 85 cc of ether and 65 cc of 4 M NaOH 
After standing for 1 hour at room temperature, with occasional shaking, 
the aqueous solution was acidified The solvent was evaporated tn vacuo, 
and the residue e\ti acted three tunes with hot acetone The combined 
acetone solutions w^ere concentrated under reduced pressure until precipi- 
tation began Crystallization was completed by the addition of chloro- 
form Yield, 21 gm The compound was recrystallized from chloroform 
as plates, wth a meltmg point of 95° This compound has been descnbed 
as an oil (16) 


CsHsOjNGl (165 6) Calculated, N 8 5, found, N 8 6 

Qlycyl-^-alamne — 16 gm of chloroacetyl-^-alamne were allowed to 
stand for 3 days vnth 80 cc of concentrated aqueous NH 4 OH The com- 
pound crystalhzed on addition of ethanol after concentration in vacuo 
The crystals ivere extracted three times ivith hot 95 per cent ethanol, and 
recrystallized twice from water-ethanol Yield, 8 1 gm of small square 
plates, mp, 228° (decomposition) Miyamichi (16) gives 233° (decom- 
position), Abderhalden and Reich (3) give 230° (decomposition) 

CsHioOjN, Calculated C 41 1, H 6 9, N 19 2 
146 1 Found “ 41 3, “ 7 1, “ 19 3 

This compound was also obtained m quantitative yield by hydrogena 
tion of caibobenzoxyglycyl-j3-alamne 


^-Alanyl-^-alamne 

Carhohenzoxy'^-alamjl-^-alamne—4:3 gm of ^-alamne were 
descnbed above with the acid chlonde from 10 gm of carbobenzoxy P 
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alaume (17) Acidification ga\o 5 G gm of needles These were recrys- 
tillized from hot water, ni p , 111-115° 

(201 9) Calculated, N 9 52, found, N 9 59 

/3- Uanyl-^-alaiwic — 3 gm of carbobenzo\v-/3-alanyl-/3-alanine were dis- 
solved in 59 cc of methanol containing 3 cc of water and 3 cc of glacial 
acetic acid The compound was hydiogenated at atmospheiic pressure 
in the presence of p ill idium black Aftei filtration, the solution w'as 
concentrated in lacuo, and the dipeptide ciystallized as tiny needles on 
standing with ethanol Yield, 1 5 gm , m p , 212° 

CJIijOjNi (ICO 2) Calculated, N 17 19, found, N 17 44 
fi-Alanylghjcine 

Carhohenzoxy-^-alanylylycinc — 1 gm of glycine were coupled with the 
acid chloride from 5 gm of carbobenzo\y-j9-alanme as described above 
Y eld, G7 gm of rccdles After recrystalhzation from hot water, the 
melting point was 14G-149° 

CuIInOiN Calculated C 55 7, H 5 8, N 10 0 

280 3 round “ 56 0, “ 5 9, “ 10 1 

0-Alanylglycinc — 1 0 gm of carbobenzo\y-^-alanylglycine were hydro- 
genated as described above Yield, 2 0 gm of prisms on standing with 
ethanol, m p 226° 

CjIIioOjNj (146 1) Calculated, N 19 19, found, N 19 35 
j3-A lanyl-h-leucine 

Carbohenzoxy-P-alanyl-L-lcucine — 6 5 gm of L-leucine w^ere coupled with 
the acid chloride fiom 5 gm of carbobenzoxy-^-alanine as described above 
After acidification, the product crystallized as tiny plates ^ After recrys- 
talhzation from hot water, the yield was 7 2 gm , m p , 111 

CuH-.OsNj Calculated C 60 7, H 7 2, N 8 3 

336 4 Found <• 60 6 , “ 7 3, “ 8 5 

fi-Alanyl-h-leucine — Hydrogenation of 2 6 gm of the above compound 
gave 1 4 gm of needles on standmg ivith ethanol , m p , 245 

CAIisOjN, (202 2) Calculated N 13 9, found, N 14 2 
[„]“ = -31 0° (1 5 % m water) 

i^-Leucyl-P-alamne—8 gm of carbobenzoxy-L-leucme hydrazide were con- 
verted to the azide as previously described (18) The washed and dried 
ether solution of the azide was added to an ethyl acetate solution of 
^-alanine ethyl ester (from 5 5 gm of the hydrochlor de) The mixture 
was allowed to stand overmght It was then washed wnt u e , 
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water, dilute bicarbonate, and water The solution was dried over NajSO< 
and concentrated to a thick syiup The carbobenzoxy dipeptide ester 
was saponified in 50 cc of methanol by the addition of 20 ce of 1 m NaOH 
After 30 imnutes at room temperature, the solution was acidified and 
concentrated to dr 3 mess The oily carbobenzoxy dipeptide was hydro- 
genated m the usual mannei The peptide crystallized fiom 95 per cent 
ethanol, m p , 214° The yield was 2 8 gm , or 49 per cent of theory cal- 
culated from the quantity of hydrazide 

C«Hi,OjN, (202 2) Calculated, N 13 85, found, N 13 87 
Wd = -t-28 0° (5 % m water) 

DL-Leucyl-|3-aIanme has been descnbed by Abderhalden and Reich (3) 

jS-A lanyl-h-prohne 

Carbohemoxy-0-alanyl-h-prohne — 5 7 gm of n-proline weie coupled ivith 
carbobenzo\y-(3-alanyl chloride as described above After acidification, 
the oily product was extracted into ethyl acetate and dried ovei Na 5 S 04 
7 1 gm of needles were obtained after cautious addition of dry petro- 
leum ether, m p , 91-93° 

CisHjoOsNj (320 3) Calculated, N 8 75, found, N 8 69 

^-Alanyl-h-pi ohm — Hydiogenation of 5 gm of the above compound 
gave 2 4 gm of prisms on standing with ethanol, m p , 211° 

CjHnOsN. (186 2) Calculated, N 15 05, found, N 14 77 
la]” = -93 V (1 5 % in water) 

Carhobenzoxy-^-ala7iyl-j>b-pkenylalamne 

Carbobeiizoxy-^-alanyl-vih-phenylalamiie Ethyl Ester — ^To an ethereal so- 
lution of phenylalamne ethyl ester (from 6 4 gm of the hydrochloride), 
there was added at 0° a 10 per cent excess of carbobenzoxy-i3-alanyl chlo- 
ride This was shaken ivith a cold saturated aqueous solution of potas- 
sium bicarbonate Ethyl acetate was added to the reaction mixture to 
dissolve the carbobenzoxy dipeptide ester which ciystalhzed spontaneously 
After 1 hour at room temperature, the ethyl acetate-ether solution was 
washed and dned m the usual manner 8 5 gm of prisms were obtain 
by concentrating the solution tn vacuo After recrystalhzation from 
ethanol-water, the melting point was 88-89° 

CjiHisOsNj (393 5) Calculated, N 7 20, found, N 7 17 

Carbobenzoxy-^-alanyl-Dh-phenylalanine—Z 4 gm of the above est^ 
were sapomfied at room temperature m 30 cc of ethanol and 9 cc 
NaOH After 30 minutes, the solution was acidified to yield 

needles, m p , 142° 
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C oil lOiXi (370 1) Calculated, N 7 57, found, N 7 62 
/i- ilanijhjlijcyl/jlycinc 

Carbobcnzoxy-ji-alanylijlycylijlycmc — 'Ihe chloiido obtained fiom 12 gm 
of^carbobcnzo\j-/J- d mine was toiipicd to glycylglycme prepared from 
o7 gni of glytine uihydiide (19) Yield, 11 gra The compound w^as 
recryst dlizcd from metlimol, md then fiom watei, mp , 18'1-185° 

C,in,,Ot\, (337 3) C dull vtcd, N 12 5, found, N 12 8 

^-Alanylylycylylycuit — 5 1 gin of the caibobenzoxy tripeptide were 
ii} drogeiiateil md woikcil up m the iibu il maniiei The tripeptide was 
recrystalhzcd from w ilci-eth mol Yield, 3 1 gm , mp, 228° (decom- 
position) 

CiIInO.Ni (203 2) Calculated, N 20 7, found, N 21 0 
Glycyl-ff-alanylglycine 

Carbobcuzoxyijlycyl-ji-alanylylyctnc — 2 1 gm of /3-alanylglycme were cou- 
pled with 11 gm of t irbobenzoxyglycyl thloiide Yield, 4 6 gm m 
rosettes of small needles Ihc melting point was 177-180° after recrystal- 
hzation from hot watci 

CuIfnO.N, (337 3) Cdculated, N 12 5, found, N 12 7 

Olycyl-ff-alanylylycine — 3 gm ot the above compound gave on hydro- 
genation 1 G gm of the tripeptide, m p , 230° (decomposition) 

CjHijOiN, (203 2) Calculated, N 20 7, found, N 20 9 
Diglycyl-P-alamne 

Carbobenzoxydtglyqjl-P-alamne — 7 6 gm of carbobenzoxyglycyl chloride 
were coupled -with 4 5 gm of glycyl-/3-alamne as described above Yield, 

7 0 gm , m p , 187-189°, after recrystallization from hot water 

CuHijOtNi (337 3) Calculated, N 12 5, found, N 12 5 

This compound was also prepared by saponification of the ethyl ester 
described below Calculated, N 12 5, found, 12 4 
Carbobenzoxydtglycyl-0-alamne Ethyl Ester— 7 5 gm of carbobenzoxygly- 
cylglycme hydrazide were converted to the crystallme azide (20) The 
azide was coupled m ethyl acetate with )3-alanine ester prepared from 3 1 
gm of the hydrochloride After 36 hours at room temperature, the solu- 
tion was worked up in the usual manner and concentrated in vacuo Yield, 

3 9 gm , m p , 142°, after recrystallization from ethyl acetate-petroleum 
ether 
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CnHjaOeNj Calculated C 55 9, H 6 3, N 11 6 
365 4 Found “ 56 1, “ 6 6, “ 11 4 

Du]lya/l-0-alamne — 5 2 gm of carbobenzo\ydiglycyl-)3-alanine were hy- 
drogenated as usual Water was added to dissolve the pioduct before 
the catalyst was filtered off The tripeptide crystallized on removal of 
the solvent Yield, 3 0 gm , m p , 200° (decomposition) 

CiHjaOaNa (203 2) Calculated, N 20 7, found, N 20 8 

Carbobenzoxy-0-alanylglycine Ethyl Ester — The acid chloride from 12 gm 
of carbobenzoxy-)3-alanme vas coupled in ethyl acetate with glycine 
ethyl ester (from 14 gm of the hydrochloride) The solution was allowed 
to stand for several hours, the crystalhne ester hydrochlonde was filtered 
off, and the filtrate was washed and dried as usual Evaporation of the 
solvent gave 6 8 gm of the product, m p , 95-96° 

CiiHjoOsNj (303 2) Calculated, N 9 1 , found, N 9 0 

Carbobenzoxy-0-alanylQlycinamide — 6 5 gm of the above ester m ere dis- 
solved in 200 cc of absolute methanol which had been saturated in the 

cold with NHs gas After standing for 2 days at room temperature, the 

solution was repeatedly concentrated xn lacuo w'lth methanol to yield 4 8 
gm of crystals, m p , 176° after recrystallization from hot w'ater 

CuH„0,N, Calculated C 55 9, H 6 1 , N 15 1 

279 3 Found 56 1, “ 6 5, “ 15 3 

0-AlamjLjlycinarmde Acetate — 3 gm of the above compound were hydro- 
genated in the usual way The product was recrystalhzed from methanol- 
ether Yield, 1 4 gm , m p , 118-120° 

CwH.sOiNj (205 2) Calculated, N 20 5, found, N 20 2 

Carbobenzoxyglycyl-0-alanine Ethyl Ester — ^An ethereal solution of the 
chloride from 9 gm of carbobenzoxyglycine was added at 0° to an ethyl 
acetate solution of /3-alanine ester prepared from 4 3 gm of the hydro- 
chloride The solution wms shaken with dilute bicarbonate for 20 minutes 
The ethyl acetate-ether layer was worked up in the usual manner The 
product crystallized in rosettes of needles after standing in ether-petroleum 
ether Yield, 3 5 gm , m p , 03-64° 

CisHjoOiN, (308 2) Calculated, N 9 1 , found, N 8 8 

Carbobenzoxyglycyl-0-alaninamide — ^3 1 gm of the above ester were am^ 
idated as described above On concentration xn vacuo, 2 3 gm o n 
needles were obtamed The compound was recrystalhzed from met ano 

ether, m p , 179° 

CijHnOiN, (279 3) Calculated, N 15 1, found, N 15 1 
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Carhohuizoxu-^-alaninamulc — 112 gm of carbobenzoxy-)3-alamne m 
300 cc of absolute methanol were estciified wuth dry HCl in the usual 
manner 'Ihe paitly ciystilline carbobeuzo\y-j3-aIamne methyl ester 
was imulatcd in methanol- unmonia On concentration in vacuo, 4 3 gm 
of the compound were obtained It was recrystalhzed from ethanol as 
elongated plites, m p , 101“ 

CiiIInOiNj Calculated C 59 1, H 6 4, N 12 6 
222 2 Found “ 59 4, “ 6 5. “ 12 5 

This compound w is m ide from the acid clilonde and NH3 by Rapport 
cl al (21), who report 1 melting point of 103-164° 

^-Alaniimmde AcclaL — Ilydi ogenation of 2 5 gm of the carbobenzoxy 
compound gave 1 1 gm of pi isms on standing with ether After recrys- 
talhzation from ethanol, the compound melted at 118° 

CiHuOjNi (1 18 2) Calculated, N 18 9, found, N 19 1 

The correspondmg hydrochloride (m p , 149°) has been described (22) 

h-Alaninatmde Hydrochloride — ^The syiaipy ethyl ester hydrochloride 
from 15 gm of L-alanine was amidated in the usual manner The slight 
precipitate was discarded and the mother liquor concentrated m vacuo 
Yield, 14 7 gm The compound was obtamed as fine needles after recrys- 
talhzation from methanol-ether, m p , 196-199° 

CjHjONjCl (124 6) Calculated, N 22 6, found, N 22 4 

The correspondmg dl compound (m p , 170°) has been described (22) 

Benzoyl-L-alamnamide — ^An aqueous solution of 3 1 gm of L-alanmamide 
hydrochloiide at 0° was treated with 10 gm of sodium bicarbonate and 7 
gm of benzoyl chloride Yield, 4 5 gm of prisms, m p , 235-240 , after 
recrystalhzation from hot water The dl compound melts at 229—230 
( 22 ) 

CioHi.O.N, (192 2) Calculated, N 14 57, found, N 14 57 

SUMMARY 

1 Ciystalline pancreatic carboxypeptidase hydrolyzes carbobenzoxy- 
glycylammo acids about 800 to 1600 times faster than it does the corre- 
sponding carbobenzoxy-/3-alanylammo acids 

2 Leucine aimnopeptidase of hog mtestmal mucosa hydiolyzes l- 
leucyl-/3-alanine at almost the same late as L-leucylglycme, showing the 
aminopeptidase charactei of this enzyme The crude aminopeptidase 
preparations of human uterus and rat muscle also hydrolyze L-leucyl-^- 
alamne Further evidence is given that the uterine extract contains an 
enzyme, m addition to the aminopeptidase, which hydrolyzes L-leucyl- 
glycme 
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Method 

1 ml portions of the deproteimzed samples, contammg 5 pei cent tri- 
chloroacetic acid and between 15 and 400 7 of citric acid, aie pipetted into 
dry colorimeter tubes Exactly 8 ml of anhydrous reagent grade acetic 
anhydride are then added from a bmette, and the tubes are closed with 
rubber stoppers and are placed for 10 mmutes m a constant level water bath 
kept at 60° ± 1° Then exactly 1 ml of dry reagent grade pyridme is 
added to each tube, and the tubes are restoppered as quicldy as possible 
and are placed m the bath for 40 mmutes At the end of the period they 
are transferred to an ice-water bath for 5 mmutes Fmaliy, they are wped 
dry and the color is lead m the Evelyn colorimeter, with Filter 420 or 400, 




Fig 1 Fig 2 

Fig 1 Typical standard curve 

Fig 2 Absorption of the color formed with citric acid measured by the Evelyn 
photoelectric colorimeter with various filters. 

With the 10 ml aperture A blank, startmg with 1 ml of 5 per cent tri- 
chloroacetic acid solution, is earned through the same operations as de- 
senbed and is used to set the colorimeter 
Standard Curve — ^As the mtensity of the color deviates slightly from 
Beei’s law, it is desirable to mclude m each run one or two tubes wit 1 
known amounts of citric acid A standaid curve is constmeted nit 
ml portions of citric acid solutions, contammg from 15 to 400 7 , 
cent trichloroacetic acid A typical standard curve is shown m Fig 
Choice of FiUer—The light transmission with the colored solution ana 
various Evelyn filters is illustrated m Fig 2 Filter 400 gives on y s ig 
greater sensitivity than does Filter 420 Absorption tests m the 
with the Beckman quartz spectrophotometer mdicate an even gr 
sensitivity at still shorter wave-lengths 
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Effect of Tcinperalurc — ^The intensity and stability of the color depend 
on the temperature Acetic anhydride and the water of the sample react 
durmg a 10 minute heating at 00° to foim acetic acid When pyridme is 
added, heat is evolved so lapidly that the contents of the tube ivill boil 
if the temperature is not controlled ^Vlthough heat accelerates the de- 
velopment of the coloi , too high a temperature will eause it to fade rapidly 
after it roaches the maximum At moderate temperatures the color is 
stable Fig 3 illustrates the effect of tempeiature on the development 
and mtensity of the color 'Wliile heating at 40° yields the most mtense 
color, a maximum is reached only m 2 hours We have chosen 60° because 
of the more rapid development and excellent stability of the color 
Interfering Substances — iNIany organic acids, when used m relatively 
large amounts, yield a yellow color with acetic anhydride and pyridme 



Fia 3 Color development with citric acid at various temperatures A Lumetron 
colorimeter, with the purple filter, was used to measure the color 

The small amounts of these substances present m animal tissues and fluids, 
with the exception of urine, however, cause no mteiference Urme con- 
tams a chromogen which apparently is not citric acid, since removal of the 
latter by treatment with acid permanganate and potassium bromide, and 
extraction with petroleum ethei, does not dmnnish greatly the yellow color 
formed with acetic anhydride and pyridme 

No considerable mterference m the color reaction is caused by gluta- 
thione, glucose, urea, purified plasma piotem, or by succinic, ascorbic, 
oxalic, and malonic acids Fumanc, pyruvic, and Z-malic acids give less 
than 1 per cent of the color produced by an equal amount of citric acid 
Tartaric, itacomc and isocitric acids yield appreciable colors, but of these 

only isocitric acid occurs in the animal body 
Precision of ilfeiftod— Satisfactory recoveries of added citric acid have 
been obtamed from tissue extracts and suspensions (Table I), but recoveries 
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from serum are consistently low as 75 to 80 per cent of the theoretical values 
(Table II) Nevertheless, the method can be used satisfactorily with 

Table I 


Recoveries of Cilric Acid from Fluid in Manometnc Experiments 


Tissue preparation 

Citrate 

Citrate 

recovered 

In sample 

Added 

Found 


micromole 

micromoles 

mtcTomoJes 

per {till 

Rat kidney slices 

0 00 

1 00 

1 08 



0 02 

1 00 

0 99 

97 

Pigeon liver homogenate 

1 0 84 

2 00 

2 96 



0 86 

2 00 

2 96 

105 

! 

! 0 90 

2 00 

3 20 

115 

1 

0 94 

2 00 

3 08 

107 

Rabbit kidney homogenates j 

0 15 

1 00 

1 07 

92 

1 

0 15 

1 00 

1 10 

95 

i 

0 23 

1 00 

1 15 

92 


0 24 

1 00 

1 15 

91 


0 04 

! 1 00 

0 99 

95 


0 03 , 

1 00 

1 04 

101 


0 04 

1 00 

1 00 

96 

i 

0 03 

1 00 

1 02 

99 


0 33 

0 50 

0 82 

98 


0 31 

0 50 

0 79 

96 


0 31 

0 50 

0 78 

94 


0 32 

0 50 

0 79 

94 

1 

0 33 

0 50 

0 83 



Average recovery, 98 9%, mean deviation, 5 3% 


Table II 


Recovery of Citric Acid from Serum 


Kind of serum j 

! 

1 Citnc acid 

Per cent 
recovered 

In sample 

Added 

Found 

Human, lyophilized and recon- 
stituted 

Rabbit 

micromole 

0 04 

0 04 
i 0 04 

f 0 00 

0 84 

0 80 

mictomola 

1 00 

1 00 

1 00 

1 00 

1 05 

1 05 

mtercmola 

0 84 

0 79 

0 79 

0 77 

1 64 

1 68 

so 

75 

75 

77 

76 

77 


blood plasma or serum by multiplymg the values by a factor o 
has been used m our studies on the rate of clearance of injecte ci ri 
from the circulation 


It 

acid 
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Conccnlrahon of Tnchloroacdic Aud~The low recoveiies with serum 
teem to be related to (lie binding of tnchloio icetic acid by the precipitated 

by the concentration 
1 suggested furthei by the improved 

reco\enes obtained ulien the seuim is diluted uith Ringei’s solution prior 
to the precipit ition of the pioteins (Fig 5) \.s the dilution of the smim 

^vas mcieascd, the lecoveiy impi o; ed, ind samples containing from 0 to 60 
per cent senim in Ringci’s solution yielded ncaily 100 pei cent lecoveiw 
ibe same results \\cie obt uncd uith 1 and 10 per cent ti ichloroacetic acid 



Fig -1 Absorption at 420 ni/i of the blank containing various concentrations of 
trichloroacetic acid Tho colorimeter was set with the first tube, i e the tube con 
taming no trichloroacetic acid 



Fig 5 Recovery of citric acid from serum Ringer mixtures 


It may be that the trichloioacetic acid takes pait m the formation of the 
color and that the interference is due to the partial lemoval of trichloro- 
acetic acid by precipitation along with the protems 
For geneial application of the method it is important to adhere to the 
followmg conditions (a) always use trichloioacetic acid for the removal 
of protems, (b) keep the concentration of trichloioacetic acid m the filtrate 
at 5 per cent, and (c) use exactly 1 ml of the filtrate for the estimation 
This amount of filtrate should contain between 15 and 400 y of citiic acid 
For example, with rabbit serum, which normally contams from 50 to 100 y 
of citric acid per ml , one should add 1 ml of 10 per cent trichloroacetic acid 
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to 1 ml of serum 1 ml of the resultmg filtrate (5 per cent tnchloroacetic 
acid) then will contam 25 to 50 7 of citric acid per ml 

Determinahon of Acomttc Acid 

By controllmg the temperature the method can be used for the estimation 
of acomtic acid, smce the latter compound yields a yellow color with acetic 
anhydride and pyridme at 0 °, at which temperature citric acid does not 


Table III 


Optical Densities of Colors Formed by Tricarboxylic Acids at 0° and at 60° 


Tricarboxylic acid 

40 mm at 60“ 

60 mm at 0’ 

Citric 

0 469 

0 006 


0 465 

0 006 

frons-Aconitio 

0 459 

0 478 


0 472 

0 469 

cis-Aconitio 

0 435 

0 278 


0 426 

0 276 

Isocitric 

0 116 

0 006 



MINUTES AFTER ADOITIOfl OF miDINE 

Fig 6 Development of the color with citric acid and Irans-acomtio acids at 60 


react Table III indicates the behavior of several tricarboxylic acids at 

0° and 60° Only the cis- and tians-aconitic acids give colors wi m 

minutes at 0°, but heating at 60° for 40 mmutes yields the 
mtensity with citric and trans-aconitic acids cis-Acomtic aci 
about 90 per cent of the color mtensity and isocitnc acid on y 0 
Fig 6 illustrates the development of the color with ^OUivalent amo 
citne and trans-acomtic acids at 60° It will be observe t a 
mtersect (at 40 mmutes), thus makmg possible the simultaneous 
of these two compounds 
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Method 

The samples are prepaied m the same way as for the determination of 
citric acid 1 ml of the sample, m 5 pei cent trichloroacetic acid, is heated 
for 10 minutes m i stoppeied coloiimeter tube with 8 ml of acetic anhy- 
dride it G0°, and the lesiiltmg solution is cooled m ice foi 5 minutes 1 ml 
of cold pyi idme then is added, the contents are mixed by shakmg gently, 
and the tube is icstoppered and replaced mto the ice bath After 60 
minutes the tubes are wiped dry and read immediately m the colorimeter 
against an appropriate blank 

We wish to aclcnowledge the assistance of Miss Ann Puxley m verifymg 
certam data presented in this paper 

A sample of the dimethyl ester of isocitric acid lactone was obtamed 
through the courtesy of the late Dr G W Pucher 

summahy 

A rapid method is desciibed for the determmation of small amounts of 
citric acid, based on the formation of a yellow color m the presence of tii- 
chloroacetic acid, acetic anhydride, and pyridme By regulatmg the tem- 
perature this procedure can be used for determmmg acomtic acid, smce 
only the unsaturated tricaiboxylic acid yields the color at 0° 
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PURIFIED LIVER EXTRACT, CHEMICAL NATURE AS DETER- 
MINED BY P VPER PARTITION CHROMATOGRAPHY 

B\ G VRSON II TISIIKOrF, VLEJANDRO ZAFF VRONI, ^nd HENRY TESLUK 

(From the Departments oj Pathology and Btoehemtstnj, School of Medicine and Dentistry, 
The Uniicrsity of Rochester, Rochester, New York) 

(Received for publication, Ahreh 16, 1948) 

The biologically active coiistituents of liver extracts have been the 
subject of a considerable numbei of investigations aimed at elucidatmg the 
nature of the unidentified hematopoietic factor or factors SubbaRow 
et al (1) have reviewed m detail the studies concerned with the classical 
antipemicious anemia piinciple present in so called “purified” liver extracts 
This report presents the results of an investigation of purified liver ex- 
tract containmg a high concentration of the antipemicious anemia factor 
by the relatively new tcclmique of two dimensional paper partition chro- 
matography ' - The results mdicate the presence of one or more poly- 
peptides of high molecular weight, and this material has been separated 
from the free ammo acids of the extiact by filter paper partition technique 
The free amino acids in the extract weie identified as well as those liberated 
from the polypeptide material by hydrolysis No appreciable quantities 
of free folic acid oi xanthopterin could be detected 
The application of the paper partition method to peptide material has 
been demonstrated by several mvestigators Thus Consden, Gordon, 
Martm, and Synge (2) have studied the paitial hydrolysis products of 
gramicidin S, and Dent (3) has examined the peptides and ammo acids 
which occur m biological material such as blood and urme Dent, Stepka, 
and Steward (4) have extended the method to the peptides and ammo 
acids of potato plant extracts, and Mider^ has conducted similar studies 
on animal tissue extracts Goldberg, Gilda, and Tishkoff (5) have em- 
ployed the paper technique m the analysis of salivary nitrogenous con- 
stituents 


Methods 


The analytical method employed in this work was essentiaUy that of 
Consden, Gordon, and Martm (6) as modified by Dent (3) The two 


^ We are grateful to Eh Lilly and Company for a supply of purified liv^ extract 
(15 U S P units) and to Dr J M Snuth, Jr , of the American Cyanamid Company 

for a gift of xanthopterin and 2-amino-4-hydro\ypteridine-6 car , 

' We wish to acknowledge the many suggestions and technical supervision of 
Dr C E Dent of the University College Hospital, London 
’ Mider, G B , unpublished work 
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solvents consisted of highly purified phenol and of a mixture of collidine 
(2,4,6-trimethylpyndme) and lutidme (2,4-(hmethylpyriduie) The in- 
dividual ammo acids were identified by then relative positions on the 
paper square and identity was confinned by comparison with a refeience 
chromatogram ^ The relative positions were found to be more reliable thnn 
the absolute Bf values An value is a fiaction eqmvalent to the distance 

a substance has been moved by the solvent divided by the distance of the 
leadmg edge of the solvent An estimation of the ammo acid concentra- 
tions was made by assignmg to the spots numbers rangmg from 1 to 10 
accordmg to an arbitrary scale of values of mtensity A value of 1 was 
given to the spot m which the color was just perceptible (about 1 7 of ammo 
acid) and a value of 10 to those showmg an mtense purple color Prolme 
and hydroxyprolme were not lated, smce they give a yellow color with 
nmhydrm By comparison of the color mtensity as well as the spot size 
with hydrolysates of pure protems, an approximate estimate could be made 
(±30 per cent) All hydrolyses were carried out m sealed tubes at 100° 
with either 6 N HCl or 7 n NH4OH The excess acid or aUcah was removed 
by repeated evaporations in vacuo, and the residue was then redissolved m 
sufficient water to give the origmal volume 


EXi>BRIMENTAL 

Fig 1 shows a diagram of a chromatogram made with 10 microhters of 
the commercial extract without previous hydrolysis The presence of a 
considerable quantity of free ammo acids was definitely established ho 
unidentifiable spot was observed Leucme (not distmgmshable from 
isoleucme and norleucme), phenylalanme, vahne, and tyrosme were the 
prmcipal free ammo acids found Other ammo acids were barely detectable 
or entirely absent It was observed, however, that the absolute By values 
for the ammo acids m phenol were appreciably less than the reported values, 
although the values m collidme-lutidme were normal This anomaly was 
attributed to the presence of a high molecular weight compound m the 
extract and will be discussed m detail below 

When the paper chromatogram was held m front of a strong ultraviole 
hght source, an mtense yellow-green fluorescent spot was observed m n 
location to the right of the phenylalanme spot This observation was 
always made before development of the chromatogram with mnhy rm 
In order to establish the identity of this substance, a number of one 1 
mensional chromatograms were made of several fluorescent compoun 
known to be present m hver Of the compounds studied, 
the only one which had the same Rf values m phenol and colhdme- u 1 

* We are indebted to Dr C E Dent for an excellent reference diagram, pnor to 

pubbcation, of many naturally occurring ammo compounds 
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as the fluorescent compound present m the liver extract This was con- 
firmed by the addition of riboflavin to a casein hydrolysate as well as to 
the liver extrict, m the latter case, only one fluorescent spot was observed 
Folic acid was ilso considered as a possible constituent of the extract 
^Uthough pure folic acid itself fails to show any appreciable fluorescence, it 
does give a well defined yellow colored spot ow'ing to its mtrmsic color 
iloreover when folic acid is subjected to alkalme hydrolysis, a character- 
istic fluorescent spot appears on the chromatogiam with an Rf value m 



Fig 1 Diagrams of paper chromatograms made with liver extract ^eft, 10 
microliters of liver extract, right, 5 microliters of hydrolyzed liver extrac e 
sample was placed at the upper left corner The dotted lines indicate weak spots 
The numbers represent relative color strength Cystine (or cysteine) appears after 
conversion to cysteio acid by hydrogen peroxide A phe^ a anine, yrosine, 
C leucine, D valine, E methionine sulfone, F cysteic acid, G histidine, 

I hydroxyproline, J alanine, K threonine, L serine, M arginine, N lysine, 0 glycine, 
P glutamic acid, Q aspartic acid, RIB riboflavin 


phenol of 0 43 and m coUidme-lutidme of 0 24 This fluorescent coinpound 
has the same Rf values as a pure sample of 2-ammo-4-hydrox^tendme-6- 
carboxyhc acid ^ Smee no such spot was observe wit ver e rac 
hydrolyzed by alkali, we have concluded that fohe acid (or its conji^ate) 

was not present m the ongmal extract m any apprecia e amoim s ese 

results agree with those of several other mvestigators who also could not 

detect folic acid in liver extract (7,8) 

It was found that xanthopterin yields a characteristic fluorescent spot on 

the chromatogram with an Rf value m phenol o ^ oo 
lutidme of 0 34 Smee no such spot was obtamed from the unhydrolyze 
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leported in the best preparation of the active principle by Dakin and 
West (1) In particular, glycine, leucine, aspartic acid, proline, hydroxy- 
pioline, and arginine were noted It is highly probable that ive have 
been concerned with one and the same peptide The possible similanty 
between this peptide substance and the polypeptide growth factor in Lver 
described by WooUey (strepogemn) remains to be ascertamed 

SUMMARY 

Studies by paper chromatography of a highly active commercial prepa- 
ration of the antipemicious anemia factor have shown (1) the presence of a 
material (or matenals) of peptide nature, (2) the presence of some free 
ammo acids, and (3) the presence of riboflavm Fohc acid and xantliop- 
tenn were not foimd m the extract By use of the papei chromatography 
technique, the matenal (or materials) of peptide nature, which presumably 
IS the active constituent, was separated from the free ammo acids, and 
the ammo acids obtamed by hydrolysis of the peptide material were then 
identified by the paper chromatography technique 
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THIOUR VCIL THE CONVERSION OF CAROTENE TO 
VIT.UriN A IN THE RAT* 


B\ B VRBARA KELLEY and HARRY G DAY 
{From the Dcparlmcni of Chemistry, Indiana University, Bloomington) 

(Received for publication, June 7, 1948) 

Several observations have indicated that the conversion of carotene to 
vitamin A is impaiied by a hj^pothyioid state (1) However, the results of 
recent studies on the pi oblem are not m agreement (2-6) Determmations of 
vitamin A m the tissues have been made m only two of the investigations 
(5, 6) According to Wiese ct al (5), thiouracil does not affect the conver- 
sion of carotene to vitamin Aasmdicatedby thelevel of vitamin Am the liver 
folloi\mg the admmistiation of carotene to thiouracil-fed rats on a vit amin 
A-low diet Johnson and Baumann (6) found that less vitamin A is 
formed from carotene when the thyioid activity is impaired with thiouracil 
m the drmking water or with thiouiea m the food 

We were investigating this problem when the recent papers appeared 
Because our results seemed to confiim the findmgs of Johnson and Baumann 
(6), that aspect of the study w'as discontinued However, the summarized 
findmgs are reported here owmg to the importance of the problem and the 
lack of agreement m the literature 

EXPERiatENTAL 

Young rats were given a vitamm A-deficient diet composed of vitamm 
A-free casein 18, glucose 58, salts 4 (7), biewers’ yeast 8, irradiated yeast 2, 
and hydrogenated cottonseed oil (Crisco) 10 After 25 to 30 days the 
diet was altered to contain 0 5 per cent of 2-thiouracil The anunals were 
continued on this regunen until growth was unpaired and a small percentage 
had xerophthalmia At this tune they were divided as equally as possible 
accordmg to litter, weight, sex, and mcidence of xerophthalmia One group 
m each series remained on the diet contammg thiouracil The other group 
m each series was given the same diet except that the thiouracil was re- 
placed by 0 6 per cent thyroid “globulm,”i a thyroid concentrate contammg 
0 79 per cent lodme It was determmed by prelunmary experiments that 
the thyioid preparation was capable of slightly decreasmg the growth rate 
of rats when fed at a level of 0 6 per cent Also, the thiouracil was sufficient 

* Aided by a grant from Standard Brands Incorporated, and by the Research 
Funds of the Graduate School of Indiana University 

‘ Furnished by The Maltme Company, through the courtesy of Dr R L Kroc 
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to pioduce hypeiplasia of the thyioid Subsequently both groups in each 
senes weie given ^-carotene (90 pel cent i3- and 10 per cent a-carotene) 
in wheat germ oil,- as a smgle dose m two series and in divided doses m 
two other senes 12 hours after the last dose of carotene the animals were 
sacrificed The liveis and, in one series, the ladneys were analyzed for 
vitamm A 

The tissue samples iveie homogenized with a Waimg blendor with ap- 
proximately 5 ml of w^atei per gra of tissue The subsequent saponifica- 
tion of the tissues is facilitated by this treatment The homogenates 
■were saponified at 50° with an equal volume of 15 pei cent alcoholic potas 


Table I 

Effect of Feeding Thtouractl and Thyroid “Globulin” on Content of Vitamin A in 
Liver of Vitamin A-Depleted Rats following Supplementation with ^-Carotene 


Series 

No 

No 

of 

rats 

Days of 
thio- 
uracil 
feeding 

Days of 
thyroid 
feeding 

1 

ToUl 

caroteae 

fed 

Length 
of time 
on caro- 
tene 
supple- 
ments 

Vitamin A 

Total 

P 


? 



1 


1 

7 

krs 

7 


y per int 


I 

5 

33 

0 

2,000 

12 

107 ±6 9* 


14 0 ± 1 9* 



3 

25 

8 

2,000 

12 

170 ± 17 6 

0 045 

21 3 ± 3 6 

0 06 

ii 

5 

40 

0 

3,000 

12 

249 ± 10 6 


71 4 ± 4 7 



5 

31 

9 

3,000 

12 

360 ± 24 9 

<0 01 

93 0 ± 5 8 

0 04 

III 


29 

0 

350 

84 

75 ± 4 4 


14 0 ± 1 5 




23 

6 

350 

84 

85 ± 7 3 

0 30 

16 1 ± 1 7 

0 40 

IV 


40 

0 

10,000 

972 

165 ± 12 5 


30 8 ± 2 8 




0 



972 

155 ± 20 6 

>0 6 

20 9 ± 5 1 

0 32 


* The standard error of the mean P was calculated by the method of Snedecor 

(9) 


Slum hydroxide The saponified mixtmes were extracted with five 50 ml 
portions of freshly distilled diethyl ether The extracts were washed mth 
water and dried over anhydrous potassium caibonate The water-free 
samples were then evaporated to diyness and the residues taken up m 
chloroform Vitamm A was determmed on the chloroform solutions by 
the colorimetric method of Sobel and Werbm (8) 

The prmcipal results are summaiized in Table I In anunals given a 
smgle dose of carotene (Senes I and II) the total amount of vitamm m 
the liver, as well as the concentration, was definitely lower m those 
the thiouracil without the thyroid preparation In Series I, given 
y of carotene, the piobability lAas only 0 045 that chance factors con 

5 Furnished by the VioBin Corporation, through the courtesy of Mr Ezra Levin 
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account for the difference m total vitamin A Thus the difference must be 
regarded as significant Senes II, given 3000 y of caiotene, showed an even 
greater difference between ritt> continued on the thiouracil and those 
changed to the thyroid substance 9 days before administering the carotene 
In this case, as w'ould be expected, the concentiation of the vitamin, as 
well as the total amount, was highci than in Senes I With legard to 
the total amount of vitamin the piobibihty was less than 0 01 that the 
difference w'as foi tuitous There w'as a probability of only 0 040 that 
chance accounted foi the diffeience in concentiation The livers of the 
thiouracil-fed rats had 71 1± IT-yof vitamm A pei gm and those given 
the thj roid substance had 93 0 it 5 8 y per gm 

Such large differences weie not found m the livers of lats given only 350 
7 of caiotene over a period of 3 days (Series III) The livers of those le- 
ceiving thiouracil had 14 0 ± 1 5 7 per gm , whereas those fed the thyroid 
substance had IG 1 ± 17 7 per gm Although this indicates that the 
former animals were able to utilize less of the carotene, the diffeience may 
not be significant, as shoivn by a probability value of 0 40 In addition. 
Series IV, given 10,000 7 of carotene per lat ovei a period of 40 days, ap- 
peared to show as much vutamin A m the livers of those given thiouracd as 
in those fed the thyroid substance In this series the caiotene supple- 
ments weie started at the same time the thiouiacil and thyroid preparation 
w'ere added to the diet 

The kidneys of the rats of Series III weie analyzed for vitamm A Al- 
though the results are not recoided in Table I, it suffices to state that the 
thiouracil-fed animals had 4 2 ± 0 8 7 pei gm as compared with 6 1 ± 
177 per gm for those given the thyroid concentrate This apparent dif- 
ference, although not statistically significant (P = 0 36), is of the same 
magnitude as that found in the liver vitamm A of these animals 

DISCUSSION 

Because the experimental procedures used in this mvestigation diffeied 
considerably from those of Johnson and Baumann (6), it is particularly sig- 
nificant that the results fi om the two studies are in substantial agreement 
Thus, in spite of contrary evidence based on the results from eight lats 
given thiouracd and six lats which served as controls (5), the conclusion 
seems to be warranted that the thyroid does affect the conversion of cai o- 
tene to vitamin A 

Since thiouracd feeding has been found to letaid the rate of depletion of 
the hepatic stores of vitamin A (10), it is necessary to recognize that the 
amount of vitamm A found in the tissues may be the resultant of two op- 
posite effects of the thiouracd (a) the impairment of carotene conversion to 
vitamm A and (6) the retention of vitamin A in the liver once it is deposited 
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there On this basis the thiouracil-fed animals analyzed a short tune after 
receivmg a carotene supplement would be expected to have less vitamin A 
m the tissues than controls given a thyroid preparation On the other 
hand, animals given thiouracil foi many days after beginnmg the carotene 
supplements might be expected to letam more of the vitamin A formed fiom 
the carotene The amount might be great enough to equal or possibly to 
exceed the difference due to the impairment m the conversion of carotene 
to vit amin A This mterpretation appears to be in agreement with the 
data presented here 


SUMMARY 

2-Thiouracil impairs the conversion of carotene to vitamm A, as mdi- 
cated by the content of vitamm A m the livers of vitamin A-deficient rats 
given /3-carotene 
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a-A?>riN0-^,|3-DIMETIIYL-7-UYDR0XYBUTYRIC ACID, A 
PRECURSOR OF PANTOIC ACID* 

B\ \V W ACKERAUNN a\d WILLI UM SHIVE 

(f'roiii Ihc Bioc/itiiiicdl and the Dcparlmuit of Chcnnslry, The Umveisity of 

Texas, and the Clayton Tonndation for Rcscaich, Austin) 

(RtCLived for publication, March 22, 1948) 

IvauoviLt) (1, 2) demoubtiated that the toxicity of salicylic acid for 
Escherichia coh was conccined with pantothenic acid, probably in the pro- 
duction of pantoic acid or its conveision to pantothenic acid Protein 
hydrolysates or mixtures of ammo acids w'eie effective m preventmg the 
toxicity of the uihibitor Under propei conditions, valme was found to 
exert a pronounced effect, howevei, other ammo acids were also effective 
in preventmg the toxicity Kuhn and Wieland (3) lepoited the synthesis 
of pantoic acid fiom the keto acid conespondmg to valme and suggested 
that the biosynthesis may pioceed by a sunilai mechanism through a-keto- 
(3,/3-dimethyl-7-hydioxybutyric acid which w'as i educed by yeast to pantoic 
acid 

In the piesent mvestigation, DL-a-ammo-;8,/3-dLmethyl-7-hydroxy- 
butync acid, for which we suggest the name pantonine m order to stress its 
relationship to pantoic acid, was s 3 Tithesized and found to be just as effec- 
tive as pantoic acid m preventmg the toxic action of salicylic acid for 
Escherichia coh Howevei, it was inactive m replacmg pantoic acid m 
promo tmg the growth of Aceiobacler suhoxydans, which requues panto- 
thenic acid 01 pantoic acid for growth These and i elated expeiiments 
described below indicate the possibility that o:-amino-j3,/3-dimethyl-7- 
hydroxybutyric acid may be a precursor of pantoic acid 

EXPERIMENTAL 

’Dh-a-Amino-fiifi-diinethyl-y-hydroxybuUjric Acid {x>i.-Pantonine ) — 
a,Q:-Dimethyl-/3-hydroxypropionaldehyde (10 gm ), prepared from iso- 
butyraldehyde and 40 per cent formaldehyde solution (4), was dissolved m 
15 cc of a cold saturated solution of ammonia m methanol After 30 
mmutes, 6 5 gm of sodium cyanide and 8 gm of ammonium chloride in 
36 cc of watei weie added to the methanol solution The reaction mixture 
was allowed to stand 18 hours at room temperature The mixture was then 
extracted with four successive 50 cc portions of ether The ether extracts 
were combmed, evaporated to 100 cc , and exti acted wnth dilute hydro- 

* From part of a thesis submitted by W W Ackermann to The University of Texas 
in partial fulfilment of the reqmrementa of the degree of Doctor of Philosophy 
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chloric acid The acid extract was refluxed several hours and evaporated 
to dryness in vacuo The residue was twice treated with acetone and 
filtered The combmed fidtrates were evaporated to dryness under reduced 
pressure, and chloride ion was removed by the successive use of lead 
oxide and silver carbonate m aqueous suspension The filtiate was treated 
with hydrogen sulfide, filtered, and evaporated to dryness to obtain 1 gm 
of the free acid, melting at 244° after recrystallization from aqueous alcohol 

Analysis— CeHijOsN Calculated, N 9 52, found, N 9 54 

Testing Methods — The method of testmg with Escherichia coli has been 
pieviously described (5) The medium was modified by the omission of 
casern digested with trypsm, and the organism was carried on the salts- 
glucose medium without the aspartic acid supplement 
The medium used m tests with Acetobacier subozydans has been described 
by Sarett and Cheldelin (6) as a medium for pantoic acid assay 


Results 


The relative effect of nL-a-ammo-(3,|3-dimethyl-7'hydroxybutyric acid 
and DL-vaiine in preventmg the toxicity of salicylic acid is shoivn in Table 
I In the piesence of 500 y per 10 cc of OL-valine, appioxunately 10 tunes 
as much salicylic acid is lequired for complete inhibition of growth as m 
its absence The effect of DL-a-ammo-^,0-dimethyl-7-hydroxybutyno 
acid at the same concentration as valme was even more pronounced, m 
that the salicylic acid concentration had to be increased approximately 
100-fold in order to mhibit growth completely 
As mdicated m Table II, the relative activities of nn-a ammo j3 ,^- 
dimethyl-7-hydroxybutyric acid and nn-pantoic acid in pieventmg the 
toxicity of 2 mg of salicylic acid for Escherichia coli aie approximately the 
same In separate experiments, a-amino j3,|3-dimethyl-7-hydroxybutyric 
acid and pantoic acid at vaiious concentrations were found to be practically 
identical m their ability to pi event the toxic action of mcreasmg concen- 
trations of salicylic acid Of the known naturally occurrmg amino acids, 
leucme, isoleucine, and valme were the most effective m preventing the 
toxicity of salicylic acid , however, these ammo acids, smgly or as a mnxture, 
did not prevent the toxicity of relatively high concentrations of salicylic 
acid which were prevented by pantoic acid oi a-ammo-^,^-dimethy -7 


hydioxybutyric acid 

DL-a-Ammo-j3,)3-dimethyl-7-hydroxybutyric acid was found to be mac 
tive m replacmg the growth-promotmg properties of pantoic acid or pan o 
theme acid for Acetobacter suboxydans At concentrations up to 
per 10 cc of nL-a-ammo-;3,)3-dimethyl-7-bydroxybutyric acid, there ^ 
response above the blank readings (7 0) obtained when the organism nas 
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incubated for 3 daj s at 30° m the absence of pantothenic acid or pantoic 
acid By contrast, a galvanometer reading of 78 0 was obtamed when 
0 5 7 of DL-pantoic acid per 10 cc was present 

Table I 

Rclaltic Ejjccl of a Imiao dimethyl y hydroxybutync Acid and Valine on Toxicity 

of Salicylic Acid 


Test organism, Escherichia coli, incubated 16 hours at 37“ 




GaUanoracler readings* 


Salto He aciil 

Reversing agent SOO y per 10 cc 


Vone 

DV-a Amino-5 0 dimcthyl -7 
hydroxybutync acid 

DL Valine 

1 per 10 cc 

0 

52 8 

52 0 

52 2 

30 

52 3 

52 5 

52 2 

100 

3 3 

49 2 

49 0 

300 

2 0 

48 2 

48 5 

1,000 


45 5 

5 0 

3,000 


31 0 

2 0 

10,000 


3 0 



• A measure of culture turbidity, distilled water reads 0, an opaque object 100 


Table II 

Relative Effect of Pantoic Acid and a-Amino p ,p-dimethyl-y-hydroxybutyric Acid 

Toxicity of Salicylic Acid 


Test oraanism. Escherichia coli, incubated 16 hours at37 

Reversing agent* 

Galvanometer readings 

DL-Pantoic acid 

DL-a Amino-^ P dimethyl^ 
hydroxybutync acid 

2 0 

4 5 

10 0 

19 5 

36 5 

47 0 

49 0 

y per 10 cc 

0 

50 

100 

200 

400 

800 

1000 

2 0 

3 0 

10 5 

18 8 

36 0 

44 0 

46 8 

* In the presence of 2 mg of salicylic acid per 10 cc ^ 


Conversion of a-Amtno-p ,P-dimethyl-y-hydroxyhutyric 

sepaite eaperppepts. 

ric acid was treated ivith nitious acid at pH 4 



870 


PANTOIC ACID PRECURSOR 


was destroyed, and the reaction mixture assayed for pantoic acid ivith 
Acetobacter suhoxydans The product denved from 0 5 7 of the ammo acid 
added to 10 cc of medium was sufficient to give almost maximum response 
by the organism, mdicatmg that a good conveision of the ammo acid to 
pantoic acid was obtained This served as a possible basis for an assay for 
DL-o:-aiiuno-/3 , /3-drmethyl-7-hydr oxybutyric acid in natural exti acts How- 
evei, only slight activity was ob tamed when a number of natural extracts 
weie tieated in this manner The possibility that one of the optically ac- 
tive foims of a'-ammo-^,j 3 -dmiethyl- 7 -hydi oxybutyric acid on treatment 
ivith nitious acid may give use only to the biologically mactive fonn of 
pantoic acid lequires furthei mvestigation before the presence or absence 
of pantonme in natuial extiacts can be determmed by this method Fur- 
thei investigation of the possible natural occuirence of this ammo acid is 
m progress both wnth the above method and wnth papei chromotography 

DISCUSSION 

Smce a-ammo-j3,j3-dimethyl-7-hydioxybutync acid (pantonme) ivas 
as effective as pantoic acid m preventing the toxic action of salicylic acid 
for Eschenchta coh, the conveision of this ammo acid to pantoic acid appears 
to take place m this organism which synthesizes pantoic acid from glucose 
as a source of carbon On the other hand, Acetobacter siiboxydans, winch 
cannot synthesize pantoic acid from any Imown souice of carbon, abo 
cannot utilize «-ammQ-/3,|3-dimethyl-7-hydroxybutyric acid in place of 
pantoic acid These results suggest the possibility that o'-amino/S,^- 
dimethyl- 7 -hydioxybutyiic acid maybe a normal precmsoi of pantoic acid 


SUMMARY 

DL-a-Ammo-i3,j3-dimethyl-7 bydroxybutyric acid (pantonme) has been 
synthesized and found to be as effective as DL-pantoic acid m preventing 
the toxicity of salicylic acid for Escherichia coh, but ivas mactive m replac- 
mg the pantoic acid 01 pantothemc acid requirement of Acetobacter sub- 
oxydans These results suggest the possibility that this ammo acid may be 
the normal precursor of pantoic acid m the biological synthesis of panto- 
themc acid 
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ON THE iVBSORPTION OF PHOSPHOLIPIDES-^ 

By C VMILLO ARTOM and MARJORIE A SWANSON 

{From (he Deparlment of Biochcniistnj, Bowman Gray School of Medicine, Wale 
F orcsl College, Winston Salem, North Carolina) 

(Received for publication, March 4, 1948) 

It IS generally assumed that phospholipides are hydrolyzed m the gastro- 
intestinal tract and absorbed m the form of their constituent parts In- 
deed, enzymes capable of sphttmg phosphohpides have been found m many 
tissues, mcludmg intestinal mucosa, pancreas, and pancieatic juice The 
earlier findings have been leviewed by Belfanti, Contardi, and Ercoh (2), 
and additional evidence on this point was reported subsequently (3-5) 
Very recently Le Breton and Pantaloon (6) have conclusively shown that the 
pancreatic juice of the dog liberates both fatty acid radicals fiom mixtures 
of lecithins and cephalins, and that the enzyme responsible for this action is 
probably different from the hpase which hydrolyzes neutral fats 
On the other hand, several authors have found more or less significant 
mcreases m the lipide phosphorus of the lymph (Slowtyoff (7), Eckstein 
(8)) or blood (Eichholtz (9)) during the absorption of a large dose of lecithm 
Smee sunilar changes have been desciibed after feedmg neutral fat and since 
a possible r61e of phospholipides as an mtermediary stage m the absorption 
of fatty acids has been postulated, the inteipretation of these find ings is 
rather uncertain However, after prolonged feeding of phosphohpides, m- 
creases have been found in the phospholipide content of various tissues 
(Rewald (10), Senjski (11), Heinlein (12)) The increases do not occur 
when the bile is excluded fiom the mtestine, m which condition an impair- 
ment m the absorption of phosphohpides can be demonstrated (Heinlein 
(12)) It seems, therefore, that one cannot disnuss the possibility of a di- 
rect absorption of intact phospholipides, a possibihty which is also suggested 
by the ease with which these compounds are emulsified m water i 
We thought that the use qf radioactive phosphorus as a tracer offered a 
good opportumty to mvestigate this question Labeled phosphohpides 

* Aided by a grant from the John and Mary R Markle Foundation The radio- 
active phosphorus used in the experiments was supplied by the Clinton Laboratones, 
Oak Ridge, Tennessee, on allocation from the Umted States Atomic Energy Commis- 
sion A preliimnary report was presented before the annual meetmg of the American 
Society of Biological Chemists, Atlantic City, March, 1948 (1) 

^ The problem may have also a certain practical interest, since, as pointed out by 
Bloor (13), phosphohpides constitute about 3 per cent of hen’s eggs and the use of 
phosphohpides from soy beans and other sources for the preparation of commercial 
food products is markedly increasing 
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were fed to rats and a study was made of the distnbution of the isotope be- 
tween the hpides and othei phosphoms-contaming fractions in the plasma 
and liver The hver nas mcluded because it is believed that the synthesis 
of plasma phosphohpide occuis mainly m the hvei (14-16), and also because 
it has been shown that, vhen isotopic phosphohpides m the form of fine 
emulsions (17, 15) or contained m the plasma of a donor (18-20) are mtro- 
duced m the circulation, a laige pioportion is taken up by the liver In the 
present investigation the lesults of the experiments in which labeled hpides 
were adinimstered have been compared ivith those of contiol expeiiments m 
which the isotope uas fed as moigamc phosphate or as glycerophosphate 


EXPERIMENTAL 


Preparaho7i of Materials Fed — ^The labeled phosphohpides were obtained 
from the hvers of animals (one rabbit oi seveial rats) mjected mth large 
doses of P’- as Na 2 HP 04 After 8 hours they weie killed, the hvers ex- 
tracted nnth hot alcohol, the solvent removed under reduced pressure, and 
the residue taken up m chlorofoim The chloioform solution was filtered 
through asbestos and concentrated to a small volume The phosphohpides 
xvere then precipitated with acetone and MgCh, and the precipitation was 
repeated txvice The precipitated phosphohpides were furthei purified by 
a techmque essentially smular to that descnbed by MacLean (21), as 
adapted to animal tissues by Le Breton (22) ^ The emulsions fed to the 
rats were prepared by pourmg the ether solution of the purified phospho 
hpides over a very dilute aqueous solution of sodium glycocholate and 
evaporatmg the ether with a stream of air Three lots of such emulsions 
(designated Emulsions L-1, L-2, and L-3) were employed m the various 
experiments They had the followmg characteristics Emulsion L-1 (lab- 
bit hver), 131 mg of phosphohpides per cc , 403 coimtspermg of phosphor- 
us, Emulsion L-2 (rat livei), 62 mg of phosphohpides pel cc , 8800 coimts 
per mg of phosphorus. Emulsion L-3 (rat livei), 58 mg of phosphohpides 
pel cc , 35,600 counts per mg of phosphorus ® 

In one control experiment (No lie), a portion of the same lot of 
phosphohpides from which Emulsion L-1 was piepared was hydrolyz 
by boihng for 1 hour with alcoholic Ba(OH )2 After addition of water an 
acidification noth H 2 SO 4 , the fatty acids were exti acted with ether From 
the aqueous layer, inorgamc phosphate xvas removed by addmg an excesa 0 


= Even after three precipitations the acetone precipitate from liver hpi 
still contain as much as 20 per cent of non phosphohpide phosphorus esc 
purities” seem to be effectively eliminated by the technique adopted, 
purified liv er phosphohpide the molar ratio of phosphorus to fatty aci co 
to the theoretical value in the lecithins and cephalins (Artom (23)) inmiilsc 

» The number of counts per minute as determined on our scale-o g 
counter under the standard conditions of our measurements 
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barium acetate ancl bunging to pll S The barium glycerophosphate was 
precipitated by 3 \ olumes of ethanol m the cold Tlus precipitate was re- 
dissolvcd m ^^ate^, any insoluble material bemg rejected, and the barium 
removed by cautious addition of HjSOi The solution of labeled glycero- 
phosphate was neiitiahzed with NaOH and sodium glycocholate was 
added The fitty acids which had been evtracted from the hydrolyzed 
phosphohpides weie then emulsified w'lth the solution of glycerophosphate 
and glycocholate as described above This emulsion (LH-1) contamed 2 
mg of phosphorus per cc and gave 403 counts per mg of phosphorus ess 
than 20 per cent of the phosphoius was soluble m chloroform 

In the other contiol evpenments, non-isotopic phosphohpides were emul- 
sified in aqueous solutions of sodium glycocholate and Na 2 HP 04 contaimng 
Tw 0 lots of these emulsions (C-2 and C-3) were prepared, havmg ap- 
proximately the same phosphohpide content and the same ladioactivity as 
Emulsions L-2 and L-3, respectively Because of the high specific activity 
of the phosphate m Emulsions C-2 and C-3, each animal received no more 
than 0 02 mg of phosphorus as morgamc phosphate , , , , 

Absorption Experiments — White rats maintained on a stoc e oc 
land Farms) were fasted for 16 hours and then given by stomach tube 2 to 3 
cc of the various emulsions The amounts actuaUy mgested were esti- 
mated from the difference between the ladioactivity in the emulyon fed an 
that found in the washings of the syrmge and stomach tube 3 or 6 ho 
after feeding, the rats were bled from the severed nec ® ^ 

mcrease the amount of blood which could be o tame , -washed 

jected 45 mmutes before bleeding The gastrointestmal tract was washed 

ivith several portions of a dilute NaOH solution, ^ ° ^ , -washmes 

radioactivity was determined on an aliquot of the combined washings 

The results were used to evaluate the extent o t e ^ , 

AnalyhcaiPj^occiJiics-Inmost of oure^^^^ 

used and the blood plasma pooled The 

individually, except m Experiments la, Ib, , -with 

samples were use^ The plasma and one liver samp e e tieated ^th 

cold 10 per cent trichloroacetic acid, and the precipi a ^ 

the sJ. solufon The hp>des Z 

hol, alcohol-ether, and chloroform (24) witVinut nrelunmarv 

mmced under alcohol and the hpides lidveiots of the plasma 

treatment with trichloroacetic acid n ro 

‘ lu the two samples of the liver the t\"e"^ver"i;:rairohor:nd 

similar However, the lipides directly ^ phosphorus and radioactivity than 
alcohol-ether usually gave higher values treated with trichloroacetic acid 

those obtained on the sample which had e lowered by subsequent shaking 

In neither sample was the radioactivity eontrol experiments in 

With pulverized sodium phosphate On * 



874 


PHOSPHOLIPIDE ABSORPTION 


and liver, aliquots were taken and treated as follows (a) An aliquot was 
brought to pH 6 with NH4OH, and the phosphate piecipitated with strych- 
nine molybdate reagent (25) The precipitate, washed with 1 per cent 
HNOs and with water, was dissolved m acetone and the solution labeled 
“morgamc phosphate ” (b) Another ahquot was mcinerated with ESOt 
and HNO3, the digest neutrahzed, and the phosphate precipitated with the 
strychmne molybdate reagent The acetone solution of the precipitate v as 
designated “total acid-soluble P ” The difference between the values de- 
teimined m fractions (6) and (a) was termed “orgamc acid-soluble P " 
(c) A third aliquot was brought to pH 8 2 with Ba(OH)2 The precipitate 
was discarded, and 3 volumes of alcohol added to the supernatant solution 
After 24 hours m the refrigerator, the piecipitate was taken up in water, 
any msoluble matter bemg rejected, and the solution labeled “glycerophos- 
phate ” Smce the amounts of plasma available were insufficient, the 
glycerophosphate fraction was not isolated from the plasma extracts ® 

In the hpide extracts and m the vanous fractions of the trichloroacetic 
acid extracts, the radioactivity and the phosphorus content were determined 
as previously described (15) The radioactivity data are expressed as “rel- 
ative radioactive umts” (r r u ), the amount of isotope absorbed by the 
animal bemg considered equal to W r r u The ratio between the radio- 
activity (m r r u ) and the phosphorus content (m mg ) is designated “spe- 
cific activity ” 


RESULTS AND DISCUSSION 


Data on the expeiimental conditions, on the weights of the animals and 
hvers, and on the absorption of the radioactive materials are recorded m 

which both methods were apphed to two samples of the same rat plasma, identi 
cal values were obtained It may be pomted out that the weight of the dry mate 
rials m the liver samples (1 5 to 2 5 gm ) was much higher than in the sample of the 
plasma (200 to 300 mg ) It seems probable, therefore, that the prclimmari treat- 
ment by trichloroacetic acid made the extraction of lipides more ifiioult, and that, 
after such treatment, the extraction was complete only when, as in the analysis on 
the plasma, the volumes of the solvents used were very large compared to the size 0 

the sample . 

5 It 13 reahzed that these fractions may contam phosphorus from compon 
other than those named The precipitation of inorganic phosphate ivas ma e a 
room temperature at pH 1 or less for 20 to 30 minutes It is probable that a ce ai 
proportion of easily hydrolyzable phosphate compounds such as creatme p osp 
or adenosine triphosphate may be split However, since the amount of ^ 
pounds in the liver is small compared to that of the inorganic phosphate, c “ 
ture of phosphorus from such a source presumably does not constitute a senous 
S tto 01 J h»d, the .,ge, ace.ee ef the ..glyee.ephesphete'' ag„,., » 
tionable, smce one-fifth to one-fourth of the phosphor^ in the alco P 
may be due to Ba hexose monophosphate (Kaplan and Greenberg (-oj; 
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Table I Wien the isotope as given in the form of morgamc phosphate or 
glyceiophosphate, the absoiption was practically complete m 3 hours On 
the other hand, iftcr feeding radioactive phosphohpides, the absorption of 
P" was alw lys lower and \aiicd considerably from animal to animal, even 
in the s.ime experiment A iaige proportion had already been absorbed 

Tad L b I 


Absorplton of Labeled Phosphorus Compounds in Rats 


Experiment 

\o 

1 

n 

Liver 

weight 

Emulsion 

fed 

Compounds labeled 

absorbed 

Counts 
per mm. 

Per cent 

3 hr experiments 



rm 

rm 





la 

9 

■ 3 

5 GO 

L 3 

Phospholipides 


70 


10 

H 

4 56 

tl 

II 

! 9 

57 

Ib 

11 


5 51 

tt 

(1 

BTM 1 9 

75 


12 

B Q 

4 52 

“ 

II 

1 9 

63 

Ic 

IS 

150 

6 83 

C 3 

Inorganic phosphate 

B989ii9 

97 


19 

146 

5 82 

(( 

II 

199,400 

95 


20 

137 

6 14 

<1 

** II 

202,100 

97 


6 hr experiments 



1 

■a 

4 46 

L-1 

Phosphohpides 


49 


3 


5 57 

II 

II 




2 

■gl 

4 88 

LH-1 

Glycerophosphate 


95 


6 

101 

3 38 

L-2 

Phosphohpides 


51 


7 

93 

2 63 

IC 

II 




S 

97 

3 48 

IC 

11 


81 

lllb 

4 

145 

5 93 

C-2 

Inorganic phosphate 


99 


5 

124 

3 89 

II 

<< II 


98 

rva 

13 

112 

4 44 

L-3 

Phosphohpides 


74 


14 

130 

4 72 

Cl 

II 


73 

IVb 

15 

150 

6 83 

C-3 

Inorganic phosphate 


98 


16 

146 

5 82 

11 

IC IC 




17 

137 

6 14 

II 

IC II 

EB 

96 


after 3 houis and no consistent increase in this pioportion m the longer time 
interval is apparent from the limited number of our data ® 

The mterpretation of our results is to a large extent dependent upon the 
relations between the specific activity values m the various fractions ana- 

° If one attempts to estimate from the absorption of P^" the amounts of phos- 
Phohpides absorbed by a 125 gm rat (a procedure which is obviously open to ques- 
tion), the average figures would be 115 mg absorbed after 3 hours and 148 mg after 
6 hours 
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PHOSPHOLIPIDS ABSORPTION 


lyzed Accoiclmgly, only these values are given in Figs 1 and 2 The 
points represent the results of the individual experiments, each value bemg 
obtained from at least two animals (eithei determined individually or in 
duphcate on pooled samples) In the control animals which were fed inor- 
gamc phosphate, at both time intervals, the specific activities of the plasma 
and hvei phosphohpides aie piactically identical, and much lower than that 
of all the othei fi actions These giadients are m agreement with the con 



Fig 1 Specific activities of P fractions in plasma and liver of rats 3 hours after 
feeding inorganic or hpide P“ In each group the bars represent the following 
fractions 1, plasma inorganic P, 8, liver inorganic P, S, liver glycerophosphate r, 
4, liver lipide P, B, plasma lipide P The points represent individual experiments 
(see Table I), rats fed inorganic P {•.Experiment Ic), lipide P (•.Experiment , 
O , Experiment Ib) 

cept that the phosphohpides synthesized m the hver from the morganic 
phosphate are rapidly exchanged with those of the plasma (14-16) “ 

the other hand, when the isotope was fed as phosphohpide, the speci ic 
activity of the plasma hpides, at both time intervals, was much ig ^ 
than that of the controls, and also much higher than that of t e ue 
hpides in the same ammal Smce it has been shown that the speci ic 
tmty of a product cannot be higher than that of its precuisor ® 
maxunum specific activity of the precursor has been reached ( ’ 
and since m our experiments the specific activity of the liver ipi 
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creases markedly bcU\ccii the 3id and 6th houis, these facts together 
constitute definite c\ idcnce that the h\ ei phosphohpides could not have 
been the sole souice of the plasma phosphohpides It appears, therefore, 
that a portion of the 1 ibeled phosphohpides which were fed must have 
been absorbed as an mt ict molecule ^ 



Fig 2 Specific activities of P fractions in plasma and liver of rats 6 lioi^s after 
feeding inorganic P’^ glycerophosphate P’ , or hpide P” In 

represent the following fractions f, plasma inorganic , ’ ^ ^ ’ jjt 

glycerophosphate P, 4, liver lipide P. 6 , plasma l.pide P ^he points represen 
individL experiments (see Table I), rats fed inorganic P^ (®. 

O, Experiment IV b) , glycerophosphate P- C. ^y-iment Ilch^ (e. 

Experiment Ila , O , Experiment IDj , □ . Expei iment Ilia , A . Experime 


The finding ot laige amounts of ladioactivity in t e moigamc 
as early as the 3rd hour is evidence foi a fanly lapi sp i in^ . 

hpides It seems probable that most of this ^ r , ^ 

tinal tract, where enzymes capable of actively hy ro yzmg 
have been demonstrated (2-6) However, the possibihty that some hy- 

rfiy “intact phospholipide molecule” alcohol ether 

compounds which are insoluble in trichloroac nnliirlpd are those from which 

and chloroform Possible split-products which may be included are those from wn 

one fatty acid or the nitrogenous component has een remov 
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drolysis of absorbed pbospholipides also occurred m vanous tissues cannot 
be excluded (see below, section (/)) 

The possibility of a dnect absorption of glycerophosphate was tested 
by feeding this substance containing In this experiment the specific 
activity of the glycerophosphate m the hver was markedly higher than that 
of the morgamc P Similar results were not found m the animals which 
received labeled phosphohpides It seems hkely that glycerophosphate 
liberated from the phosphohpides m the gastromtestinal tract at a compara- 
tively slow rate may be easily hydrolyzed to morgamc phosphate before 
absorption However, when large amounts of the fiee ester are fed at one 
time, a notable propoition may be absorbed even before bemg spht, thus 
becommg an important source of the glycerophosphate m the liver 

We believe that the results of our experiments under various conditions 
are quahtative evidence that the phosphorus present m the phosphobpide 
molecule can be absorbed m more than one form On the other hand, in 
the present state of our Imowledge, it does not seem possible to calculate 
from our data the relative importance of each of these processes because of 
the large number of unknown variables 

Besides this evidence concernmg the absoiption of phosphohpides, sev- 
eral accessory findings which may be of mterest can be mentioned 

(а) In spite of the large differences in the radioactivity of the materials 
fed m the 6 hour experiments, the results are essentially similar This 
sirmlanty seems to exclude the possibility that the metabolic processes were 
detectably modified m 6 hours by the highest doses of absorbed (as high 
as 21 microcuries) Also this similarity is mdirect evidence for the reliabil- 
ity of our radioactive measurements even m certam cases (e g plasma lipideo 
m Kxperiments Ila, lib, and He) m which the actual counts were very low 
and therefore subject to a large statistical erior 

(б) The levels of bpide P m the plasma of our rats varied between 1 
and 2 5 mg per 100 cc These values are surpnsingly low in comparison 
with those found in the plasma of other animal species However, as men 
tioned before,^ we do not think that these low values can be ascribed to an 
incomplete extraction of hpides from the trichloroacetic acid precipitate o 
the plasma Furthermore, figures of the same order of magmtude have een 
obtamed m this and other (29) laboratones by the direct extraction o ra 


plasma with alcohol and alcohol-ether , 

(c) The specific activity of the plasma morgamc phosphorus was 
m the animals fed labeled hpides than m those fed morgamc^, t ® 
ences bemg especially marked m the 6 hour experiments T ese 
could be due to a contmumg bberation of morgamc P from t e pi ^ 
m the gastromtestmal tract or m other tissues after absorp ^ 

(/) below) In mdividual rats differences were also foun 
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bpccific activities of tlic inorganic phosphate in plasma and liver Many of 
these dilTciences wcie veil bc^mnd the limits of e\pei mental eiror and sug- 
gest that the e\ch inge of phosphate between plasma and liver requires a 
definite imount of time 

(d) Glycerophosphate m ly be one mteimediary compound in the S 3 mthe- 
sis or bicikdowm of phospholipidcs In oui expeiiments the specific activ- 
ity of the liver glycei ophosph ite was considerably highei than that of the 
hvei lipidcs and (with the exception of the expeiiment in which labeled 
glycerophosphate w is fed) geneially low'ei than that of the inorganic phos- 
phate This gi idient is not incompatible with a lole of glycerophosphate 
in the synthesis of phosphohpides On the other hand, the data suggest 
that the chief immediate source of the phosphoius of the glycerophosphate 
IS the 11101 game lathci th in the lipide phosphoius Since it has been shoivn 
that theie is no physical exchange in vitio between phosphate and glycero- 
phosphate (30), and since the specific activity of these fiactions was often 
rather close to one anothei, it appears fiom our lesults (m agreement wuth 
those of others (26, 31)) that the biological turnover of glycerophosphate 
proceeds fairly rapidly 

(e) For the sake of bievity, figures for the specific activity of the organic 
acid-soluble P w'ere not included m the drawings In the h\ er, these values 
ranged from 40 to 80 pei cent of those of the glycerophosphate isolated from 
the same fi action (and theiefore they w^ere consideiably higher than the 
specific activity of the livei lipides) It is conceivable that the unlcnown 
immediate precursoi of the phosphohpides is mcluded m the organic acid- 
soluble P but, since it may be only a imnor component, it seems to us that 
deductions based on the specific activity of the whole mixture would have 


little significance 

(/) When the total amount of radioactivity which was recovered m aU 
fractions of the plasma and liver is calculated, marked differences are foimd 
between the anmals fed labeled inorganic P and those fed labeled phospho- 
hpides 3 hours after feedmg the marked sodium phosphate, 1051 r r u 
w^ere lecoveied, at the 6th hour, only an average of 605 i i u Smee the 
inorganic P’^ is lapidly exchanged mth the phosphate of the bones and a so 
partially removed from the body by excretion, the decrease observed at the 
longer time mteival is qmte consistent with the data showung t at 
cally all of the phosphate fed was absoibed in the first 3 hours On the 
other hand, an average of 582 r i u was fomd in the liver and plasma of rats 
killed 3 hours after feeding labeled phosphohpides, w^hereas, at the 6th hour, 
1062 r r u were found, This increase could logically be ascribed to a con- 
tinuing supply of isotope from the intestine, but such an interpretation oes 
not agree with the findmg that the amount of P’^ absorbed between the 3rd 
and the 6th hours was apparently small The hypothesis mig per ps e 
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suggested that most of the phospholipides which were absorbed in the early 
period were tempoiarily distributed among vanous tissues From there 
they may be slowly transferred to the hver, as mtact molecules or as hydro- 
lytic products, thus accountmg for the maintenance of high specific activity 
values m the morgamc and lipide P fractions of the plasma The marked 
mcrease in the specific activity of the hvei Iipides between the 3}d and 6th 
hours (m contiast to the almost unchanged values m the control experi- 
ments) may be accounted for partially by synthesis from the morgamc 
phosphate of increasmg specific activity and partially by exchange mth 
plasma phosphohpides of very high specific activity 

SUMMARY 

Labeled phosphohpides (prepared from the hver of ammals mjected with 
radioactive phosphate) were fed by stomach tube to rats After 3 or 6 
hours the radioactivity and the phosphorus content were determined in 
various fractions of the plasma and liver The results were compared with 
those obtamed on control rats receivmg non-Iabeled phosphohpides and 
as sodium phosphate (or glycerophosphate) 

From such a comparison, it appears that phosphohpides may be absorbed 
at vanous stages of hydrolysis While part of the phosphohpides is spht 
in the gastiomtestinal tract, so that the phosphate radical is absorbed m 
morgamc form (some possibly as glycerophosphate), there is also definite 
evidence that a detectable portion of the mgested phosphohpides can be 
absorbed as the mtact molecule 
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CRITIQUE OF METHODS FOR THE DETERMINATION OF 
RIBOFLAVIN IN URINE-" 

Bt ELMER Db RIITER, I^rAR\ E MOORE, ERICH HIRSCHBERG, and 

SAUL II RUBIN 

{From the A^ulrittoii Liiboraloncs, IIoJfmaim-La Roche, Inc , Nulley, New Jersey) 
(Received for publication, May 29, 1948) 

Both fluorometne and microbiological measurements of uimaiy iibofla- 
■m a\cretion have served as a basis foi evaluation of nutritional status, 
detection of deficiency states, measurement of physiological availabihty, 
and determination of daily lequiiements Fluorometne assay methods 
have commonly followed thiee basic procedures, namely, (a) that of Najjar 
(1), based on the extraction of riboflavm into a butanol-pyiidme medium, 
(6) the double hydiosulfite reduction method of Hodson and Norris (2), 
and (c) the Floiisil method of Fei rebee (3) Most microbiological assays 
have been based on the Laclobacillus casei assay of Snell and Stiong (4) 

However, the liteiatuie shows that considerable disagreement exists m 
regard to the leliabihty and relative advantages of the commonly used 
methods For example, m a senes of availability tests, Melnick et al (5) 
report Strong and Carpenter’s (6) modification of the Snell and Strong 
method to be more specific for uimary riboflavin than the method of Najjar 
wth the blank correction omitted, but these authors prefer the fluorometne 
method because of the better reproducibility Keys et al (7) compared the 
microbiological method of Snell and Strong with a modification of the Con- 
ner and Straub (8) Floiisil procedure and found the latter considerably 
more satisfactory for uimary iiboflavm assay Recently, Slater and Morell 
(9) have developed a modification of the Najjar procedure and found it to 
show agreement for urme assay with an unpublished microbiological method 
with Lactobacillus casei In a comparative study of fluorometne methods, 
Morell and Slater (10) found many methods to be non-specific for uimary 
riboflavm These included a Floiisil method utilizmg the adsorption- 
elution technique of Barton-Wiight and Booth (11), the direct and mdiiect 
methods of Najjar (1), and Hodson and Norris (2) pioceduie, the direct 
method of Feriebee (3) with an added mtemal standard, and a method m- 
volvmg oxidation with cold KMn 04 and H 2 O 2 , followed by a hydrosulfite 
blank 

* Publication No 140 , rr., ^ j i 

Presented before tbe American Institute of Nutrition at the Thirty-second annual 
meeting of the Federation of American Societies for Experimental Biology at Atlantic 
City, March, 1948 
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In the course of detenmnations in this laboratoiy of the physiological 
availabihty of riboflavin from enriched nee ( 12 ) and from soluble deriva- 
tives of nboflavm (13),^ according to the technique of Melniek et al (5), 
comparisons have been made of seveial fiuorometiic procedures mth modi- 
fications of the Snell and Strong microbiological assay The fiuoiometric 
methods mcluded the modified Hodson-Norns procedure which we have 
desenbed for low potency foods (14), seveial modifications of the Conner 
and Straub Fionsii method, and the procedure of Slater and Morell In 
attempts to evaluate the specificity of the various methods, particularly 
ivith regard to possible compounds of nboflavm, the effect of claiase diges- 
tion on imcrobiological and Florisil assays and the effect on the former of 
stenhzation by aseptic filtration as compared to autoclavmg were mvesti- 
gated The role of urea as an inhibitor of titrimetric microbiological assays 
was also studied The urmes m these availability determinations contamed 
normal or elevated amounts of nboflavm A i ecent study m this laboratory 
of the urinary evcretion of B vitamins durmg mtravenous feeding (15) and 
a number of urmes from childien on low nboflavm diets (16) afforded the 
opportunity to extend these compansons to a very low range of nboflavm 
concentration 


EXPERIMENTAL 

Assoy Methods — Microbiological nboflavm assays were earned out by the 
method of Snell and Strong (4), based on the growth of Lactobacillus casei, 
for reasons outlined below, turbidimetnc measurement of gionth after 24 
hours, with an Evelyn photoelectiic colorimeter with a 660 my filter, vas 
routmely preferred to measuiement by titration after 72 liouis 

In fluorometric assays by the direct method of Rubm et al (14), an aliquot 
of acidified urme of about 1 pei cent of the 24 hour volume (to the nearest o 
ml ) was treated with 1 0 ml of 4 per cent IChlnO^, followed after 2 minutes 
with sufficient 3 per cent HjOa to decolonze or precipitate the excess per- 
manganate After adjustment of the pH to 6 with soffium acetate, dilution 
to a concentration of about 0 1 7 of nboflavm per ml , and filtration, t e 
usual double reduction procedure was followed 

The Flonsil method of Conner and Straub ( 8 ) was modified as fo ows 
Before fiuorometry, 15 ml ahquots of the pyndme-acetic acid eluat^were 
treated with 1 ml of 4 percent ICMn 04 for 1 minute and the excess ‘ 
decolorized with just sufficient 3 pei cent HiOs, mternal stammr we 
read after pipettmg 0 2 ml (1 5 y) of the standard nboflavm 
the cuvette contammg 15 ml of the Ki\In 04 -treated eluates e p 
dure of Slater and hlorell (9) was earned out as described fay these autc ^ 

1 nubiD, S H .Haas, G J . Drekter, L . De Ritter, E , and Hirschberg, E , unpub 
lished data 
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Photothcnucal destruction of riboflavin was avoided by worlang as much 
as possible in a daik room illuminated by Wratten safelights, series OA, and 
by the use of low actinic glassware elsewhere 
Effect of Urea on Microbiological Assays — Since the usual rmcrobiological 
pioccdure involves steiilization of the assay tubes by autoclaving, it was 
suspected that, m the case of urine, hydrolysis of urea to NHj dunng auto- 
claving might lowei the amount of allvali needed to titrate the lactic acid 
formed and thus lead to erroneously low assay values by the titiimetric 
method In view of various conflicting leports on the effect of urea re- 
ported m the litei iture (17-20), it was decided to test this point as follows 
Urea was added to pure riboflavin solutions m the ratios of 10, 25, and 45 
gm per mg of riboflavm to correspond to low, medium, and high levels of 


T\ble I 

EJfccl of Urea on Mtcrobiologtcal Riboflavin Assays 


Urea per mg of 
nboOavia 

Relative response of Laclobactlltu casei 

Turbidimetric 

Titrimetric 

Autoclaved 

Filtered aseptically 

Autoclaved 

Filtered aseptically 

Sm 





0 

1 00 

1 00 



10 

1 01 

1 04 



25 

1 00 

1 02 



45 

0 99 

0 99 

0 92 



urea excretion Sterihzation by autoclaving was compared with stenhza- 
tion by filtration through glass , growth of Lactobacillus casei was measured 
by titration after 72 hours of mcubation as well as turbidimetricaUy aftei 
24 hours Table I shows the results obtained 
These data mdicate that urea does not mterfere with turbidimetric or 
glass-filtered titrimetric assays, but at the highei levels of urea a slight 
lowering of titrimetric values occurs aftei autoclaving Although on diets 
of aveiage protein content the excretion of uiea is too small to lower the 
titrimetric riboflavm values significantly, the 24 houi turbidimetric meas- 
urement was chosen foi routme use because of its speed and convemence as 
well as its complete mdependence of the effect of urea In low riboflavm 
urmes collected from patients on a regimen of total mtravenous feedmg of 
protein hydrolysates (c/ Table V), the estimated proportion of urea to 
riboflavm may be as high as 200 gm of urea per mg of the vitamm, so that 
the choice of the turbidimetric method becomes obhgatory For example, 
for a unne contammg approximately 150 gm of urea per mg of riboflavm, 
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the titiimetiic assay was only 0 05 mg per day as compared to 0 20 mg by 
tuibichmetnc measuiement and 0 24 mg by the Floiisil method 
Companson of 2l2C) obtological and Double Reduction Methods — Since 
Morell and Slatei (10) have reported the oiigmal Hodson and Noiris 

Table II 


ComparaUie Assays of Basal and Test Urines {Microbiological versus Direct 

Fluoromelnc) 


1 

Subject 1 

1 

IVQ of 

1 samples 

1 

1 

j A\ erage riboflai in content 

Mean 

difference,* 

Test of significance 

f 

iDirect fiuoro 
j metne assay 

Mtcrobiolog 
icai assay 

t found 

( hunt at 5 
per cent level 

il 

Basal urines 

1 


: ms Ptf 

ms per day 

per cent 



E D R 

0 

1 51 

1 43 

0 

2 5 

2 3 

L D j 


, Q 69 

0 52 

44 

2 5 

23 

F \V J 1 

<5 ! 

I 0 89 

0 75 

21 

0 6 

26 

S H R 1 

S 1 

t 1 22 

1 00 

22 

5 9 

24 

E S 1 

8 1 

1 96 

1 78 

10 

' 4 9 

24 

JOB 1 

1 

1 29 

1 18 

12 

2 1 

3 2 

J S j 

■ 1 

0 98 

0 87 

11 

2 9 

34 

E H j 

' i 

1 72 

j 1 64 

10 

0 9 

2 8 

Average | 

^ 1 

1 28 

1 15 

17 




Test unnes 


E D R 

1 9 

6 5 

6 3 

3 

0 8 

2 3 

L D 

1 9 

5 6 

5 5 

4 

0 5 

2 3 

F W J 

G 

4 9 

5 3 

-8 

2 5 

26 

SHE 

8 1 

6 8 

6 5 

7 

1 7 

2 4 

E S 

8 

7 9 

7 7 

4 

1 0 

2 4 

J C B 1 

4 

6 1 

6 5 

-7 

2 6 j 

3 2 

J S I 

i 7 

1 6 2 

! 6 1 

1 

0 1 i 

2 4 

E H j 

0 

6 9 

6 7 

3 

0 6 

2 8 

Average 

7 

6 4 

6 3 

1 




* The mean difference was obtained bj calculating the per cent difference for each 
urine, then averaging these differences for each subject 


method (2) to measuie appieciable amounts of non-iibofla\an fluorescenc , 
oui modification of this method was mvestigated to determine its speci ci 
foi urinary iiboflavin Comparative assays by the latter proce ure an 
the microbiological method are given m Table II These basa an a 
unnes were collected duimg availabihty studies from normal ^ , 

quate but different diets Consistently highei values nere obtained 
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basal urines the double reduction method, the aveiage differences rang- 
ing from 0 OS to 0 22 mg pci day oi fiom 5 to 44 pei cent In all but two 
casea, these differences ire st itistically significant Foi the high potency 
test uiincs, botli methods aie m good agi cement, none of the diffeiences 
bemg significant 

Compari6on of Fluoiointti ic and Mtciobiological Methods — A companson 
of the Floribil, Slatei and iNIoiell, double leduction, and microbiological 
OSS lys of noimal mines is given in Table III The Floiisil values are inter- 
mediate in ill cases between the highei values by the double reduction 
method and the lowei vihics b3' the Slatei and Moiell proceduie The 
microbiological values f ill between the Slatei and Moiell and the Flonsil 
values Although tlie bcttei agieement of these three methods mdicates 

TvniE III 

Comparison of I< luoromclrtc and Microbiological Urinary Riboflavin Assays 


All values in nig per 21 hours 


Subject 

Fluorometric assay 

Microbiological 
as ay* 

Double reduction 
method (Rubin 
tl at ) 

rtorisil method 
; (Conner and 

Straub) 

Extraction into 
non aqueous 
medium (Slater 
and Morell) 

LaclohaciUus casn 
(Snell and Strong) 

E S 

0 99 

0 88 

0 72 

0 87 

F W J 

0 84 

1 0 65 

0 54 

0 56 

L D 

0 08 

0 43 

0 30 

0 34 

S H R 

3 61 

3 45 

3 22 

3 28 

E D R 

1 32 

1 19 

1 09 

1 19 


* No significant differences were observed after sterilization by autoclaving or 


aseptic filtration 

greater specificity as compai ed to the double i eduction method, the possi- 
bihty was considered that the latter proceduie, m which the fluorescence 
of the treated uime solution is measured directly, may measure some c(^- 
bined form of riboflavin which the other methods do not measure e 
(13) have previously shoivn that microbiological assays of riboflavin denva- 
tives are not necessarily as high as fluoiometiic oi biological assays ore 
over, Rosner, Lerner, and Cannon (21) have demonstrated that combined 
forms of riboflavm are not adsorbed by Flonsil as readily as free iiboflavm 
but can apparently be converted to fiee oi adsorbable nbo avm y enzyme 
digestion To test this point, the effect of enzyme digestion on urinaiy 
nboflavm was studied miciobiologically and by the Florisi tec ° 

Rosner et al (21) Ahquots of uime contammg approximately 50 7 ot 
nboflavm were adjusted to pH 4 5 and digested ivith 0 25 gm of clarase for 
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3 hoiirs at 45° Assays before and after enzyme treatment are given m 
Table IV In several cases the severe washmg of the Florisil, which Rosner 
et al have shown to remove combmed riboflavin, produced shghtly lovei 
values than the usual washmg with 45 ml of hot water, but the values after 


Table IV 

Effect of Clarase Digestion* on Florisil and Microbiological Assays 


All values in mg per 24 hours 


Subject 

Florisil assay 

Microbiological assay 

Untreated 

Clarase treated 

Untreated 

Clarase 

treated 

Usual wash 

(45 ml ) 



Severe wash 

(ISO ml ) 

F W J 

mm 

0 45 

0 58 


■1 

■1 

E D R 


1 29 

1 33 

1 33 


mm 

E S 


1 53 

1 68 

1 57 

1 64 

1 175 

S H R 


0 82 

0 81 

0 84 

0 91 

0 91 

L D 

kDI 

0 40 

0 44 

0 38 

0 46 

0 48 


* Approximately SO y of riboflavin + 0 25 gm of clarase digested 3 hours at 45 


at pH 4 5 


Table V 

Comparative Assays of Low Riboflavin Urines 


All values in mg per 24 hours 


Subject 

Sample No 

Fluorometric assay 

Microbiological assa) 

Double reduction 
method (Rubin et al ) 

Florisil method 
(Conner and Straub] 

Lactobacillus casct 
(Snell and Strong) 

T J 

1 

0 88 

0 79 

0 73 


2 

0 60 

0 45 

0 42 


3 

0 27 

0 11 

0 12 


4 

0 30 

0 24 

0 20 


5 

0 38 

0 30 

0 27 

G T 

1 

0 89 

0 70 

0 57 


2 

0 28 

0 13 

0 10 


3 

0 31 

0 13 

0 10 


4 

0 45 

0 19 

0 19 


5 

0 26 

0 13 

0 11 


enzyme digestion were not significantly higher -with either the 
microbiological procedure Hence, there is no evidence of com me 


Comparahve Assays of Low Riboflavin Urines— Table V 
suits of comparative assays of urmes collected from two subj 
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kept OR total mtra\ eiious feeding with protein hydrolysate (15) With no 
measurable intake of ribofl ivin, the e\crction of this vitamin rapidly reaehes 
a very low level kgain, the double i eduction values are higher than the 
Florisil and miciobiological assays, which are in relatively good agieement 



* Fio 1 


Table VI 

Comparative Assays of Low Riboflavin Urines* 
All values in micrograms per 24 hours 


Sample Ko 

Fluorometnc assay 

Double reductioQ 

rionsil 

Slater and Morell 

K1 

69 

62 

33 

K2 

75 

80 

45 

Z1 

60 

72 

44 

Z2 

61 

84 

53 


Microbiological 

assay 


33 

43 

39 

60 


’ Supplied through the courtesy 01 Ur r. Jb noio.oi . ^ 7^7 

Department of Pediatrics, New York University College of Medicine, and the Chil- 
dren’s Medical Service of Bellevue Hospital, New York 

Evidence of the vahdity of the microbiological assays, even for these low 
potency urmes, IS given in Fig 1, which represents a ^ica po o sue m 
assay for calculation by the slope-ratio method of Wood (22, 2d; 
fact that both standard and test pomts follow straight hues m the same re- 
sponse range, which have practically the same mtercept on e ve ica axis 
of response, mdicates that the assays are vahd 
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A Similar comparison, mcludmg also the Slater and Morell method (9), 
has been made (c/ Table VI) for extremely low iiboflavin uimes collected 
from childien on experimental diets m the course of studies on minimum 
human requuements by Snyderman ei al (16) The method of Slater and 
Moiell yielded consistent agieement ■with microbiological assays, whereas 
both the Flonsil and double reduction ■values weie consideiably higher 

DISCUSSION 

The possibihty that ui ea, m the amounts pi esent in mine, might lower the 
microbiological assays was mvestigated because of the conflictmg data re- 
ported pieiaously Feeney and Stiong (17) and Strong et al (18) experi- 
enced no difficulty m the detennination with oi without the addition of 
unne from which iiboflann had been removed by photolysis oi adsorption 
on Lloyd’s reagent On the other hand, Fiasei et al (19) stated that the 
unne of some riboflavm-depleted dogs showed the presence of one or more 
substances inhibitory for the growth of Lactobacillus casei Isbell el al (20) 
showed that this inhibition was due to the presence of urea The present 
studies show a shght lowering of titnmetnc values after autoclavmg unnes 
containing high levels of urea, but the effect is somewhat smaller than that 
found by Isbell et al (20) at comparable ratios of urea and riboflavin 
Since no effect on turbidimetnc assays was found, even at ratios 5 times 
larger than that found when the diet is high m piotem, the turbidimetnc 
method is preferable m this respect for urmary nbofla'vm assays 

Among the fluorometnc methods tested, that of Slater and Morell (9) is 
the only one to show agreement with microbiological values at extremely 
low as xvell as at normal nboflavm levels Oui modification (14) of the 
double reduction procedure gives consistently higher values, but the 
amount of non-riboflavin fluorescence measured is less than that found by 
MoreU and Slater (10) with the ongmal Hodson and Norris procedure (2) 
This difference is apparently due to the use of permanganate oxidation ana 
of a mmimum amoimt of hydrosulfite for blank determinations m the pres- 
ent modification Application of the Flonsil technique of Rosner el al (21) 
before and after claiase digestion failed to show the presence of combine 
nboflavm which could lead to higher values by the double reduction met o 
than by Flonsil oi microbiological assays 

Values obtained for normal urines by the Flonsil procedure show e ej 
agreement ’uuth microbiological assays than that reported by 
Slater (10), who measured considerable “apparent nboflavm” m the * oris 
eluates The use of boilmg water to wash the Flonsil columns an o pc 
manganate oxidation of eluates m the present method may j 

for ehmmation of much non-riboflavm fluorescence, although i ore 



DL RITTLU, MOOUC, HIRSCIIBERG, VND RUBIN 


891 


Slater report the fonnation of "apparent riboflavin” during such oxidation 
of urine itself Although diflicultics uith the piesent lot of Florisil have 
been eucountcicd in pievious assays of a vaiiety of products (14, 24), it is 
apparent that the Floiisil and the technique used weie leliable foi assay of 
nonnal urines Possible \ aiiations in the peifoianance of diffeient batches 
of Florisil may lead to difTicultics m \auous laboiatoiies similai to those 
encountered in the issaj' of ccieal pioducts (25) For extremely low po- 
tency urmea, the values obtained by iiboflavin assays by both the Flonsil 
and double reduction methods aie considerably higher on a percentage 
basis than the values by the miciobiological oi Slatei and Moiell method 
The absolute differences aie i datively small, possibly because of the highly 
puiified nature of the children’s diet 

When specificity is of pnmaiy impoitance, the Slatei and Moiell method, 
which includes a test for specificity by successive, controlled exposures to 
sunlight, is the most reliable of the fluoiometnc methods tested, particularly 
at very low riboflavin levels It is more time-consuming than the Florisil 
and double reduction proceduies because of the fact that a complete recov- 
ery test IS run with each sample When complete specificity is not i equired, 
as in physiological availability tests, the Flonsil and double reduction 
methods are suitable The latter has the advantage of avoiding the use 
of pyndme 

suaniARY 

Slater and Moiell’s modification (9) of Najjar’s fluorometric method (1) 
yields consistently good agieement in urinary riboflavin assays with micro- 
biological assays ivith Laclobacillus casei and the Snell and Strong (4) me- 
dium, even for urmes containing minute amounts of riboflavin Assays by 
a Flonsil adsorption procedure, mcludmg permanganate treatment of the 
eluates, are slightly higher In tenns of absolute amounts of riboflavin, 
these differences are small, but at a very low riboflavm level the percentage 
differences are high Our modification (14) of the Hodson and Norris (2) 
double reduction method yields riboflavm values 0 1 to 0 2 mg per dav 
higher than do the miciobiological assays, except at extremely low levels at 
which the smaller differences are probably associated with the purified 
nature of the diet 

High levels of uiea m association with nonnal urinary riboflavm leve s 
cause shght lowering of titnmetnc microbiological assays, but do not 
affect turbidimetnc measurements Increases m urea-nbofiavm mtios m 
low nboflavin urines increase this error m titnmetnc assays For this 
reason, as well as for speed and convemence, turbidunetric measurement is 
preferred 
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and substrate, S, to form the enzyme-substiate complex (ES) This, after 
activation, (ES)*, decomposes mto free enzyme and the reaction prod- 
ucts, P 

E + (,ES) -> (ES)* -*E + P (I) 

Enzjnne-substrate combmation is governed by the dissociation constant of 
the complex. Km, according to 

,,, 

(ES) p 


where e is the total concentration of enzyme, p that of the complex, and a 
the substrate concentration, at equilibnum (9) The rate of decomposi- 
tion, V, of the enzyme-substrate complex is expressed by a velocity con- 
stant, k', 

V = V (ES) = k'p (3) 


where k' is proportional only to the concentration of the complex at any 
time, t Smce the concentration of the complex, p, is dependent on Kn 
and on substrate concentration, a, three cases may be considered to descnbe 
the over-all reaction kmetics Of these, the first two are hmitmg conditions 
of the geneial relation which wiU be considered last 
Case I — If at equilibiium, p, the concentration of the complex, is neg- 
ligibly small m compaiison to the total enzyme concentration, e, and to the 
substrate concentration, a (equation (2)), Km will be sufficiently high to 
force the equilibnum between fiee and combmed enzyme far to the left 
of equation (1) Combmation (9) of equations (2) and (3) yields 


r/ 

V - k p = k — — 

K.m 


(4) 


K e p, equation (4) reduces to 


V 


da /' 

— = eo 
dt Km 


(5) 


which IS the differential form of a first order leaction equation Intcgiation 
of equation (5) yields, accordingly, 

, Oo (0) 

/'e( = 23 

a 


Accordmg to Bergmann and coworkers (2), the 
peptide derivatives by proteolytic enzymes follows first o 
kmetics, which these authors have expressed m the form 
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Oo 

kl = log- (7) 

a 

This first ordei reaction constant, L, is related to the proteolytic coeffi- 
cient, C, by 

C = - (8) 

e 

where e is the total enzyme concentration m mg of enzyme N per cc 
Comparison of equations (7) and (8) with equation (6) shows the following 
mterrelations* between L, C, and Km 


It is evident that a substrate concentration-mdependent first order reac- 
tion constant will be obseiwed m all cases to which the assumptions 
for Case I apply, tea high enzyme-substrate dissociation constant and 
low substrate concentration Undei these conditions, the rate of combina- 
tion between enzyme and substrate will be the sole rate-determming step,^ 
and the proteolytic coefficient a valid expression thereof 
Case II — If p and e aie of similar magnitudes, and the substrate concen- 
tration IS relatively high, the enzyme-substrate dissociation constant will 
be sufficiently low to cause all but a small fraction of the total enzyme 
to be m combmation m the complex Accordmgly, for e p, equation (3) 
will reduce to 


V 


— = l^'p = k'e = constant 


( 10 ) 


and 


k'el = (oo — o) 


( 11 ) 


This IS the expression of zero order kmetics, the rate-determmmg step 
bemg that of the conversion of the complex (ES) mto the reaction products 
and free enzyme, or mto some mtermediary form (ES)* This reaction 
mechanism has already been demonstiated for the specific esterase activi- 
ties of certam proteolytic enzymes, eg tiypsm (11) and carboxypeptidase 


‘The dissociation constant, Km, is assumed to be equal to (^j + ^l/Ai (10), where 
/n IS the specific velocity constant for the reaction E S { Jt ^ ^ ® 

reverse reaction, and k, the specific velocity constant for the reaction [Lb) _ 

(oorrespondmg to k’ of the denotations used in this paper) Accordingly, k /Km 
(^3 X k)/[k, + k,) For the special case of k. « k„ this reduces to /i which is 
identical with 2 3 times the first order reaction constant k used by Bergmann a 
coworkers (2) 
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(12). Theoietically , it should be possible to realize it for eveiy enzymatic 

miseTtrfore^th^^^ substrate concentration can be sufficiently 
thl f J 1 force the equilibrium between free and combmed enzyme mto 

j ^ ° f ^action constant mil be 

independent of substrate concentration provided no secondary effects, 

? f rrf electrostatic interaction (13, 14), are operative 

case ///—The following general relations apply to all conditions in 
w ici e concentrations of free (a — p) and combmed (p) enzyme at 
qui 1 nura are of comparable magnitudes The concentration of the 
enzyme-substrate complex, p, will be determined by both the rate of 

ormation an the rate of decomposition mto free enzyme and reaction 
products 

Combination (9) of equations (2) and (3) yields 


K„ 


(e — p)ak' k 


ac 


av 


{ 12 } 


and 


da I'ae 

y as — • •*— » sa 

ill Km -f a 

Rearrangement and integration of equation (13) yields ^ * 


(13) 


A.'e£ = 2 3Km log - -f (oo - a) (14) 

a 

Inspection of equation (14) reveals it to be a composite first order and zero 
order expression Thus the fiist tenn on the right-hand side is identical 
with the right-hand tenn of equation (6), and the second term is identical 
with the right-hand term of equation (II) Since tlie first order term is 
mdependent of concentration, whereas the contribution of the zero order 
term increases in proportion with the increase m mitial substrate concen- 
tration, a plot of the kinetic data according to conventional first order 
equations will yield non-hnear relations This is illustrated m Fig 1 for 
a hypothetical case m which K„ = 3 X 10'^ A' = 2, and e = 4 X 10"^ mg 

* We are indebted to Dr Irving Klotz for a discussion of these aspects of the 
problem 

’The corresponding equation derived by Van Slyke (see Van Slyke, D D, m 
Nerd, F F , and Werkman, C H , Advances in enyymoJogy and related subjects, New 
York, 2, 33 (1942)), with the symbols explained in foot note 1, is 

f == 1/ki X log ao/a -f (ao — a)/ki 

That equation reduces to equation (14) of the present paper only if h (defined in 
foot note 1) 13 negligibly small in comparison to k' 
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of N per cc The initial substrate concentration has been vaned within 
the range of 0 2 to 0 01 m It will be noted that in legions of relatively 
high initial substrate concentration the velocity increases with tune more 
rapidly than is icquircd by fust oidei kinetics, and that the mitial slope 
of the curves increases as the initial substrate concentiation decreases In 
low initial substrate concentiations (0 02 and 0 01 m), the curves approxi- 
mate a hnear course and the slopes converge to a maximum value These 
deviations from first ordei kinetics are to be expected from equation (14) 



smce the first order term will predommate as the mitial substrate concen- 
trations become relatively small The habits of the curves are not “ere y 
due to the narrowmg region on the time axis with decreasing substrate 
concentration If the time requiied for 90 per cent y ro ysis is ecrease 
to the same extent by mcreasmg the enzyme concentration (the mitial sub- 
strate concentration remammg constant), the mitia s ope vn increase 
proportion, but the curvature remams This is illustrated m 
which the rate of the hydrolysis of the same hypothetical system is plotted 
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for a constant mitial substrate concentration of 0 2 m, the enzyme concen- 
tration mcreasmg over a 4-foId range 
It is evident, therefore, that m the general case interpretation of the 
kinetic data of enzymatic reactions by first order kinetics will lead to 
erroneous results unless the substiate concentration is decreased sufficiently 
to lender the rate of combination of enzyme and substrate the late-lunitmg 
step In highei regions of substrate concentration, only the mtegrated 
form of the Micbaehs-Menten equation (equation (14)) will apply 



MINUTES 

Fig 2 Plot of the integrutod Michaeha-Menten equation (equation (14)) according 
to first order reaction hinetics (equation (7)) in relation to enzyme concentration » 
was assumed to be 3 X lO"’, L' = 2, the initial substrate concentration oo = 0 ^ 
Enzyme concentration (denoted in this graph as ZE) is 4 to 16 X 10"' mg of N per cc 

Deternmiahon of Km and k' — ^Lineweaver and Burk (15) have 
equations fox the calculation of Km from the imtial reaction velocity 
these, the following equation has been used in this work ' 


Eadie (16) has proposed the equation « = The two constants 

vantage that the slope, Km, is the regression coefficient and ^ ^ t!,e 

appear m separate terms This equation has liUw.se been used in this woric 

determination of Km 
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\\here v wis taken ab the moles pei litei of substrate hydrolyzed durmg 
the first 30 minutes of hydiolysis (nao), when the enzyme concentiation 
i\as sufficiently lou for not moie than about 30 per cent of the total sub- 
strate to be hydrolyzed duiing that peiiod These values were then 
corrected to a common enzyme concentration of 4 X 10“^ mg of N per cc 
T^n,ax IS the maximum velocity and is equal to A:' X e (9) 

The integial reaction constant L', may be determined by any one of the 
following thiee methods 

1 At any initial substrate concentiation, cX tis plotted against the ex- 
pression on the light-hand side of equation (14), Km havmg been previ- 
ously determmed as desciibed above The slope of the resulting straight 
line IS equal to 

2 Smee in equation (15), Fmaz is equal to k'e (9), k' can be determmed 
directly from a plot accoiding to equation (15), where the slope is equal 
to l/V„ax when a/v is plotted along the axis of the ordmates and a along 
the axis of the abscissas If y = yjo, 7max calculated m this fashion has 
to be coriected to the maximum velocity per minute of hydiolysis 

3 In regions of low mitial substrate concentrations, m which the calcu- 
lated first Older reaction constant, k, becomes mdependent of substrate 
concentration, may be calculated directly fiom k, Km, and e, accordmg 
to equation (9) 


EXPBBEUENTAL 

Enzyme — Six times recrystalhzed carboxypeptidase was prepared as 
previously desenbed (6, 7) 

Subsliates and Inhibitors — ^The dd and n forms of carbobenzoxyglycyl- 
phenylalanme (CGP) weie prepared as already desenbed (7) The d 
isomers of tyiosme, histidine, isoleucine, alanine, and lysine were from the 
collection of Dr T Bemheim, who kmdly placed these at oui disposal 
D-Phenylalanme was received through the courtesy of Di W H Stem 

Methods — Enzymatic measuiements were carried out at 25 m a 0 04 m 
phosphate buffer, pH 7 5, containmg 0 1 m LiCl Enz 3 Tne solutions were 
prepared daily from stock solutions contammg about 0 2 to 0 5 mg of 
N per cc The latter was prepared about every 3rd day from a stock 
suspension of crystals In the earher part of this woik, the progress of 
hydrolysis was determmed with the manometric ninhydiin method (17) 
on aliquots varymg from 0 2 to 0 8 cc , dependmg on mitial substrate con- 
centration In the later phase, the colorimetric nmhydrm method, as 
described by Schwert (18), was used Control measurements have shown 
that these two methods give stnctly comparable results Initial substrate 
concentrations were determined by mtrogen analyses 
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Results 

Dependence on Subslrale Concent') alton 

The first order reaction constant, I, for the hydrolysis of CGP by ear- 
bo\ypeptidase at constant enzyme concentration increases with decreasing 
substrate concentration This effect has been observed with both the 
racemic form of the substrate and mth the n isomer The results are 
illustrated in Fig 3 m which the proteolytic coefhcient, C, is plotted along 



Fia 3 Plot of the apparent proteolytic coefGcient, C, and of the integral reaction 
constant, h' , against initial concentration of the substrate, l CGP O and A = 
dl-CGP, • and A = n-CGP C values nere calculated from equations (7) and (8), 
and V values from equation (11), with the Km values given in the te\t 

the left-hand ordmate and the mitral substrate concentiation (with respect 
to the L isomer) along the abscissa Witbm the range of substrate con- 
centiation investigated, the proteolytic coefficient vanes from a lower limit 
of C = 9 at 0 075 u substiate to an upper hmit of C of about 28 at 0 0125 m 
substrate As shoivn m Fig 3, the results obtamed with n-CGP follow 
the relation plotted foi the racemic form Smee, m agreement wi 
previous work (3, 7), the proteolytic coefficient was found to be mdepen en 
of enzyme concentration when substiate concentration was held cons an , 
supporting data for this findmg are not reproduced herein 
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Since, according to theory, a fiist order reaction constant should be 
independent of initial substrate concentration, the lonetics of hydrolysis 
of CGP b}' carbo \3 peptidase weie reinvestigated In these experunents, 
hydroljsis \\.is followed up to above 80 pei cent of completion, smee m the 
earlier phase of leaction the oidei of reaction cannot always be unequivo- 
cally determuied The j-esiilts of two of sevei al detailed measurements are 



Pia 4 First order reaction plot of the hydrolysis of dl-CGP by carboxypeptidase, 
corrected to an enzyme concentration of 4 X KT* mg of N per cc The substrate 
concentrations (with respect to l CGP) were, respectively, 0 0128 m (A), 0 0548 m 
(O), and 0 0753 m (•) 

given m Fig 4 for 0 0548 M and 0 0128 M dl-CGP (concentration wuth 
iGspect to the l isomer), corrected to a common enzyme concentration of 
4 X 10~^ mg of N pel cc It will be noted that the curves deviate from 
the linear course lequired by first older leaction lonetics It is also ap- 
parent from the results given in Fig 4 that the first order reaction constant, 
as expressed by the slope of the seemmgly hnear portion of these curves. 
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increases as substiate concentration decreases Foi puiposes of compari- 
son, the initial rate of hydrolysis for a higher initial substrate concentration 
(0 0753 m) is also plotted m Fig 4 

The results of kinetic nieasuiements m substrate concentrations lower 
than those given in Figs 3 and 4 did not yield to unequivocal mterpretation 
In this low substiate concentiation range, the deviations from first order 
kinetics were in the opposite duection from those observed m the higher 
concentration lange, and the course of leaction appealed to simulate second 
order kinetics These deviations were observed below 0 0125 m (with re- 
spect to the L isomei) foi de-CGP, and below 0 025 si for n-CGP 
Dclcrminahoii of Km — In accordance with the theoretical considerations 
discussed m a preceding paiagiaph, a complete lesolution of the reaction 
lunetics of the present system lequires determination of the enzyme sub- 
strate dissociation constant. Km This has been done accordmg to equa- 
tion (15)^ by plotting a/tijo against o, where a is the initial substrate con- 
centration Fiom the straight hne, calculated by the methods of least 
squares, the slope and inteicept were determined, yielding values for Ka 
^ and the enziune-substiate dissociation constant and the maMmum 
' velocity, respectively The values obtained for de-CGP are, respectively, 
Zfm = 3 3 X 10~- and Fm^(e = 4 X lO"* mg of N pei cc ) == 2 4 X 10“" 
The corresponding values for l-CGP are appro\unately the same, te 
3 7 X 10“' and 2 2 X 10“-, respectively 
Delermtnahon of L ' — The integrated form of the Michaelis-HIeaten 
equation (equation (14)) yields a constant, U, which is mdepeiident of tune 
of hydrolysis, of substiate concentration, and of enzyme concentration 
It has been shoivu m Figs 3 and 4 that m accordance ivith theoretical 
consideiations (see above) the first ordei reaction constant, L, at constant 
enzyme concentiation is dependent on substiate concentration and that in 
relatively high substiate concentrations this “constant” mcreases mth 
increasing time of hydrolysis The detailed results given m Table I 
demonstiate moie cleai ly the deviations of the first older reaction constants 


fiom theoretical requirements, foi both dl- and l-CGP 
For each time increment, the first order reaction constant was calculate 
according to equation (7) and expiessed as an appaient pioteolytic coe 
cient by dividmg by the enzyme concentiation It will be noted that m 
the higher substrate concentiations (about 0 05 m with respect to the l iso 
mei) the apparent pioteolytic coefficient mcieases with increasing time o 
hydrolysis, whereas moie nearly constant, though highei, values were o 
tamed m each of the experiments with lower mitial substrate concentiatio 
In contrast, no significant trend resulted when the data were 
according to the mtegrated equation (equation (14)), the calcu a 
stants being essentially mdependeut of time, and mdepend 



L LLKlNS-lvAUFMAN AND H NEURATH 


903 


initnl substrate concciituition Compaiison of the apparent proteolytic 
coeflrciciits with the iirtegi ited reaction constant, I', over the entire sub- 
strate coiicentr ition langc m\ estigated is made giaphically m Fig 3, which 
shows L' to leiiiam c'-sentially constant 

Inhibiiion by D-Phenylalaninc 

In Older to elucidate fuithei the mechanism of the hydrolysis of CGP 
by carboxypeptidase, the influence of the reaction products on the rate 
was investigated jMeithei caibobenzoxyglycme nor L-phenylalanme had 
any inhibitoiy effeet wh itsoevei However, D-phenylalanme was found 
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Reprcscnlaliic Kiiicltc Data for Hydrolysis of CGP by Catboxyjjeplidabe 
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1 

Iljdrol 

>S1S 

k 

e 

k 

DL CGP 0 055 M 

mm 

20 

per cent 

21 6 

12 1 

2 3 

(l ), c = 4 Id 

40 

37 8 

12 5 

2 2 

T 

o 

X 

CO 

19 8 

12 2 

2 0 


SO 

63 8 

13 6 

2 1 


100 

73 0 

13 7 

2 0 


120 

81 2 

14 6 

2 0 


140 

89 5 

16 8 

1 8 

L CGP 0 0517 m, 

20 

16 2 

9 0 

1 7 

e = 4 33 X 

40 

33 4 

10 3 

1 8 

io-< 

60 

52 0 

12 4 

2 0 


SO 

67 7 

14 2 

2 1 


100 

77 5 

14 9 

2 1 


120 

86 0 

16 3 

2 1 


140 

89 0 

15 8 

2 1 


1 

Sjstem ' 

i 

Hydrol 

ysis 

k 

e 

k 

DL CGP 

mm 

30 

per cent 

30 6 

22 2 

2 2 

0 0128 M 

45 

41 1 

21 5 

2 1 

(!■),<? = 

60 

66 8 

25 5 

2 4 

2 38 X 10-' 

75 

66 6 

26 8 

2 5 


90 

71 4 

25 4 

2 4 


105 

76 0 

25 1 

2 3 


120 

83 4 

27 3 

2 6 

L CGP 0 0258 

20 

24 8 

18 3 

2 3 

■M, e = 3 38 

35 

39 6 

18 4 

2 2 

X 10-' 

50 

49 5 

17 4 

2 1 

65 

58 0 

17 2 

2 0 


80 

67 0 

17 9 

2 0 


96 

78 3 

20 6 

2 2 


^ = first order reaction constant according to equation (7) 

per cc L' = reaction constant according to equation ( 


e — mg of enzyme N 


to be a potent inhibitor It was first thought that the dependence of 
reaction rate on substrate concentration and the i ^ ^ ° of 
alanme were interrelated phenomena as a resu t o op ica mver 
L-phenylalanme durmg enzymatic hydrolysis is ypo 
credited by experiments m which D-ammo acid oxidase was added to the 
enzymatic digest of l-CGP, which failed to reveal any oxygen 

uptake = Since control experiments mdicated 

caused partial inhibition of D-amino acid oxidase activity, oxidation was 

‘ We are indebted to Dr F Beinbcim Perfo^^ rs^ror^re^^^T 
D amino acid oxidase Fresh rat kidney slice 
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also measured with the isolated end product, phenylalanine, as substrate 
1 he results were entirely negative 

A senes of extensive kinetic measurements was made to elucidate the 
mechanism of inhibition by n-phenylalanme By means of accepted pro- 



Oo 

Fig 5 Competitive inhibition of carbo\ypepti<Iase activity by d phenylalanine 
and D-histidine l/wjo 18 plotted along the a\is of the ordinate, and l/no along the 
axis of the abscissa, according to equation (16) vto is the initial reaction velocity 
expressed in moles per liter of n CGP hydrolyzed during the first 30 minutes, cor- 
rected to an enzyme concentration of 4 X 10“‘ mg of N per cc og is the initial con- 
centration of the substrate, dl-CGP (with respect to the i isomer) O = no added 
inhibitor, A = in the presence of 0 01 m n histidiuo, the concentrations of added 
n-phenylalaninc are denoted by A = 0 0025 m, B = 0 005 xi, and • = 0 01 v The 
straight lines were calculated by the method of least squares 


cedures (15) the mfluence of both variables, i e substrate concentration 
and inhibitoi concentiation, on the mitial leaction velocity was separately 
deteiimned The results are given m Fig 5 in which l/nso is plotted agamst 
1/a, where, as before, 1130 is the mitial reaction velocity after 30 minutes 0 
hydrolysis, corrected to a constant enzyme concentration of 4 X 10"* mg 
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of N per cc , and a, the initial substrate concentration The three straight 
lines, calculated by the method of least squares and coriespondmg, re- 
spectively, to 0 01, 0 005, and 0 0025 m D-phenylalanme, intersect at a com- 
mon intercept, identical witli that obtained m the absence of D-phenyl- 
alamne This is chaiacteiistic of competitive mhibition (15) Fiom the 
slope of these curves in comparison to that of the contiol experiment (no 
added inliibitor), the enziTnc-iiihibitor dissociation constant, Kj was 
calculated, according to the relation (15) 


i_ j_rA +€^11+-^ 

iVm ^ ‘ XT’ 

V VmAX [_ J ^ ymnx 


( 16 ) 


where (/) is the inhibitor concentiation 
The calculated value of if / is 2 X 10"^, winch is about 17 times lower 
than that of the euzjune-substiate dissociation constant. Km, which is 
3 3 X 10~' In the presence of a competitive mhibitor, the mtegrated form 
of the hlichaelis-Menten equation assumes the form 


t'ci 


= 23 


Km + 


ICmd ) 

Kl 


1 


log — -f (ao “ o) 
a 


( 17 ) 


The mtegrated constant, L', accordmgly, should be identical with that 
calculated from measurements m the absence of the inhibitor, an s ou 
likewise be mdependent of time and substrate concentration epresen 
tative plots of time agamst F', nhere F' is the expression on the right ot 
equation (17) divided by c, the enzyme concentration m mg of JN per cc , 
are shown in Fig 6 It will be noted that the values obtamed from experi- 
ments with varying substrate and mhibitor concentrations o ow c o^ y a 
common straight Ime whose slope is A;' = 2 1, which is i en ica wi 
mean value obtamed m the absence of inhibitor i u 

Iiihibtltcn by j)-Htstidtne and Olher B-Amino Aa s oug p 
alanyl peptides are the most specific substiates of car oxypep i ase, 

N-acyl derivatives of othei ammo acids, such as tyrosme (3), leucme, 

isoleucme (19), are split as well, though to a considera y esser 

seemed of mtmest, therefore, to test the inhibitoiy activity of d isomer, of 

other ammo acids m companson to that of ^ nh 

D-Histidme was found to be considerably inhibitory T^re resets ob^ 

tamed with solutions containing varymg ° , £ 

0 01 M D-histidine are plotted m Fig 5 I^ibition be^of 

the competitive type, the enzyme-inhibitoi dissocia ° His^ociation con- 

of the same order of magmtude *be en^e-subs ra^^ 

stant. Km, te 2 X 10-= as compared to 3 3 X lU • the 

constant, k', calculated accoidmg to equation ( ), 

same as thit obtamed m the absence of an inhibitor, te 1 9 as com 

pared to 2 1 
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Exploratoiy measuiemeuts on the mhibitoiv -iptivifv i 

SlTlTanL^^ ° aTgivim' 

be .O.J 


are 



Fig 6 A plot to demoustrate the validity of equation (17) F' is the right hand 
expression of equation (17), divided by the enzyme concentration e The symbols 
denote the following O = 0 045 m dl-CGP (with respect to the n isomer) + 0 01 m 
D- phenylalanine, O — 0 0112 si dl-CGP (with respect to the L isomer) + 0 01 m 
D- phenylalanine , A = 0 0305 st dl-CGP (m ith respect to the l isomer) 4- 0 005 m 
D- pheaylaHnine, = 0 048 m dl CGP (with respect to the l isomer) 4- 0 0025 M 
D phenylalanine For v iluos of 7i:„ and /f,, see Table III 

equal and somewhat less than that of n-histidine n-Lysine has no meas* 
urable inhibitoiy activity whatsoever ® 

A summary of the characteiistic kinetic constants of carboxypeptidase 
13 given in Table III 

“Preliminary experiments revealed that o-tyrosine is likewise inhibitory Be 
cause of the limited solubility of this ammo acid, experiments over a range of n 
tyrosine concentrations could not be performed 
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DISCUSSION 

The Ivinetics of the hydiolysis of CGP by caiboxypeptidase follows, 
within the limits of the experimental ciroi, the couise described as Case III 
m the preceding theoretical consideiations Because of the relatively low 
enzyme-substrate dissociation constant, Km, mterpietation of the results 
by first order reaction equations yields a substiate concentration-dependent 
first order reaction “constant” which increases with decreasing mitial sub- 
strate concentration Moreovei, at any given mitial substrate concen- 
tration the rate of hydrolysis increases moie rapidly with tune than is 


Tablc II 

Effects of Added o-Amino Acids (0 01 v) on Hydrolysis of 0 0135 m i^-CGP by 

Carboxy peptidase 


D-Anuiio acid 

C* 

D Ammo acid 

c* 

None 

27 

Isoleucme 


Lysine 

25 

Histidine 


Alanine 

17 

Phenjlalanine 



*C denotes the apparent proteolytic coefficient calculated on the assumption of 
first order reaction Innetics 


Table III 


Summary of Kinetic Constants of Carboxypepitdase-COP System 


Substrate 

Inhibitor 

KmXlO* 

Ki X 10» 

k' 

C* 

dl-CGP 

lCGP 

DL CGP 
(( 

None 

it 

D-Phenylalanine 

n-Histidine 

3 3 

3 7 

0 33 

2 0 

2 1 

2 2 

2 1 

1 9 

27 8 

26 


* Maximum proteolytic coefficient calculated from and Km according to equa- 
tion (9) 


required by fiist Older leaction kmetics This deviation is more apparent 
the higher the substiate concentration These anomahes follow directly 
from the characteristics of the mtegrated Michaehs-Menten equation 
(equation (14)) which reduces to a first order reaction equation only when 
(a) Km 13 sufficiently high to render the equilibrium concentration of the 
enzyme-substrate complex (p) small m companson to the total enzyme 
concentration (e), or (b) the substrate concentration becomes sufficient y 
small to render the first term of equation (14) predommant m comparison 

to the zero order term > . x j 

The mtegrated reaction constant k' is mdependent of bot su s ra e an 
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enzyme concentration and characteristic only of the enzymatic system 
This IS as it should be for a truly catalytic reaction 

The proteolytic coelEcient of the system carbo\ypeptidase-CGP previ- 
ously reported to be withm the range G = 10 to 13 (3-7) is an eqmvocal 
value Its true limiting value, determined either from rate measurements 
in low substrate concentiations (0 01 to 0 02 ji with respect to l-CGP) or 
from equation (9), is about G = 28 

Since even the appai ent first order reaction constant is dependent on sub- 
strate concentration, the concept of homospecificity of proteolytic enzymes, 
mtroduced by Irving, Fruton, and Bergmann (2), requires reconsideration 
According to this concept, seveial enzymes may resemble one another 
with regard to side group and backbone specificity such that the ratio of 
the proteolytic coefficient of the enzymes toward two or more s ubstrates 
will be the same for all homospecific enzymes For instance, carboxy- 
peptidases isolated from beef spleen, beef kidney, swme kidney, and beef 
pancreas have been reported to be homospecific when tested against l-CGP 
and carbobenzo\yglycyl-ii-tyrosme, the ratio of the corresponding prote- 
olytic coefficients being 1 G to 1 8 for all four enzymes (20) Similarly, 
various trypsinases were reported to be homospecific when tested against 
benzoylargininamide and benzoyllysinamide as substrates (20) Smce, 
however, the pioteolytic coefficient is of limited validity (see above) to 
express enzyme activities and, moreover, depends on both the affinity of 
the substrate foi the enzyme, (Kn), and on the rate of decomposition of the 
complex {k'), rigorous proof for the reality of the concept of homospecificity 
requires deteimmation of the constants Km and k' for each enzyme-sub- 
strate system 

It has been recently shown (7) that, contrary to- earlier claims (19), the 
concept of antipodal inhibition does not apply to the system carboxypepti- 
dase-CGP Thus, while the n isomer of this specific substrate is no 
hydrolyzed, it does not inhibit the action of carboxypeptidase toward t e 
corresponding l antipode This observation is further sustamed by e 
results of the present investigation which show that over a ivide range dl 
and l-CGP obey the same substrate concentration dependence of apparen 
proteolytic coefficients (Fig 3) and that they Iffiewise have the same me ic 
characteristics, Km and k' However, other apparent differences ww 
noted Deviations from first order kmetics in the direction of appar 
second order kmetics were observed in regions of low substrate , 
trations, i e below 0 0125 m for dl-CGP (with respect to the 
below 0 025 M for l-CGP A resolution of these apparent discrepan 


has to await further mvestigation u,„irnlvsis 

Although d-CGP has no inhibitory effect on the ^ 

of the L isomer, the d isomer of the free ammo acid, p eny > 
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strongly inhibitory Since the inhibition is of the competitive type, it 
has to be concluded th vt the l peptide and the D-ammo acid are bound by 
the same ictive centers on the enzyme surface Comparison of the corre- 
sponding dissociation constants, !(.„ and K /, shows that the affinity of the 
enzyme for the ammo acid is about 17 times greater than for the peptide 
Whereas it has been previously postulated (3, 19) that the free carboxyl 
group as well as the sensitive peptide group is a requisite structural ele- 
ment of specific substiatcs for carboxypeptidase, the present evidence 
mdicates that the latter is not only dispensable for combmation between 
the enzyme and the o-amino acid, but actually pi events it Although other 
D-amino acids are likewise inhibitory, their activity appears to be related 
to the substrate specificity of the corresponding l peptides (19) ’’ This 
may be simply related to the stereochemical characteristics of the ammo 
acid residues relative to the steric requirements of the active centers on the 
enzyme surface It may also suggest, how'ever, that a second point of 
combmation betw'een enzyme and substrate (or inhibitor) is located some- 
where on the non-polar ammo acid residue and that combmation also 
occurs by non-polar interaction 

The present discovery of a specific inhibitor for carboxypeptidase of 
relatively simple structural characteristics, i e n-phenylalanme, appears to 
pave the way for the elucidation of the nature of the groups and the stereo- 
chemical arrangements required for specific combmation between enzyme 
and mhibitor, or substrate This is now being done in this laboratory by a 
systematic study m which the essential contribution to combination of each 
of the four radicals attached to the a-carbon atom is tested by replacement 
by structurally analogous or dissimilar groupings 

No attempt will be made to reconcile the present findmgs wnth those of 
Stahmann, Fruton, and Bergmann (19) accordmg to which not only d-CGP 
but also other, relatively enzyme-resistant, peptides of both the l and 
D senes, as well as carbobenzoxyglycyiglycine, mhibit the enzjnnatic ac- 
tivity of carboxypeptidase toward l-CGP It has already been stated, 
and agam shoivn in this paper, that we were unable to duplicate their 
findings on the mhibitory activity of d-CGP Carbobenzoxyglycine is 
entirely devoid of mhibitory activity, as is carbobenzoxyglycyiglycine ® 
Further mvestigation is required m order to coiroboiate the reported m- 
hibitory activity of the other peptides of Sta hmann and coworkers (19) 

’ Experiments on the splitting of N-substituted histidine derivatives by carboxy- 
peptidase are in progress and will be reported elsewhere 

“ The presence of 0 033 m and 0 05 m carbobenzoxyglycyiglycine in reaction mix- 
tures containing, respectively, 0 03 m and 0 04 si dl-CGP (concentrations iiith respect 
to the L isomer) failed to exert any measurable influence on the rate o y ro >si3 o 
CGP by carboxypeptidase 
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The physiological significance of the inhibitory activity of certain D-amino 
acids toward carboxypeptidase remains to be evaluated Although the 
occurrence of n-amino acid oxidase is beyond dispute, the origin and role 
of D-anuno acids in intennediaiy protein metabolism lemain obscure (21) 
The discovery of the inhibition of caiboxypeptidase by n-amino acids may 
play a part in this ill imderstood system 


This work has been supported by the Rockefeller Foundation, by the 
United States Public Health Service, National Institute of Health, Division 
of Giants and Fellowships, and by the Dulce University Research Council 


SUMAliVUY 

In confirmation of theoretical considerations, given in an introductoiy 
section of this paper, it has been shown that the hydrolysis of carbo- 
benzoxyglycylphenylalanme (CGP) by carboxypeptidase does not follow 
simple first oidei reaction kinetics The increase of approximated first 
Older reaction constants with decreasing substrate concentration is related 
to the change in the equihbiium between the free enzyme and the enzyme 
substrate complex with varying substiate concentration Integration of 
the Michaelis-Menten equation yields a reaction constant, i', which is 
mdependent of both enzyme and substrate concentrations and chaiacter- 
istic of the leaction system This constant is related to the proteolytic 
coefficient by the enzyme-substrate dissociation constant (/Cn = 3 3 X 10 ) 
and yields a maximum proteolytic coefficient of (7 = 28 in low sub- 
strate concentiations 

It has been shoivn that both K„ and A-' aie identical foi solutions con- 
tammg l-CGP alone or m the piesence of d-CGP, thus confirming t e 
previous observation that the concept of antipodal inhibition does no 
apply to this system , 

The activity of caiboxypeptidase toward CGP is competitively mhibite 
by certain n-amino acids Of these, n-phenylalamne is the most poten 
inhibitoi, the coiresponding enzyme-inhibitor dissociation constant, a 
being about 17 times lower than the enz 3 me'Substrate dissociation cons n 
The significance of the present findings m relation to the concept o 
homospecificity of pioteolytic enzymes and to the structural requiremen 
of specific substiates of caiboxypeptidase has been discussed 
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EAaDEXCE \.c; VIN&T THE OCCURRENCE OF A TRICAR- 
BOXYLIC VCID CYCLE IN VZOTOBACTER AGILIS* 

J L K VRLSSON -vnd II A BARKER 
{Irnm the Dtvi'iion of Plant \utntion, Unii’crsUy of California, Berkeley) 

(Received for publication, May 21, 1948) 

The trie irboxyhc iLid cycle tlicoiy of the mechanism of pyruvate and 
acetate oxidation lias been well substantiated by w^oik on animal tissues 
in recent yeais (11) Ilowevei, little evidence is available to suppoit the 
existence of such a cycle m bacteria, and ceitain reports aie m contra- 
diction to the theory Foi instance, Lenti (7) was able to demonstrate 
inhibition of succinate oxidation in Escherichia colt by malonate, while the 
oxidation of pyniv ate w as not affected 
We have investigated the occuiience of the tiicaiboxylic acid cycle m 
Azolobaclcr agilis by two independent methods and have obtained evi- 
dence that it IS not opeiative in this organism 
The fiist method is based upon the fact that the oxidative enzymes of 
izolohacter are generally adaptive, te , they aie formed only m response 
to the homologous substrate (2, 3) As shown by the senior author (5) 
and, independently, by Stanier (8), the occurrence of adaptive enzymes 
can be employed to mvestigate the existence of suspected metabolic path- 
ways, since the oiganism will as a rule be adapted to attack a given com- 
pound only if this substance has been added to the culture or formed as 
an mtermediate durmg the oxidation of the growth substrate If an 
enzyme attackmg a certam compound is not present m cells growm on a 
different substrate, it can be concluded that the compound has not been 
fornied in an appreciable quantity durmg the metabolism of the growth 
substrate Conversely, the presence of the enzyme mdicates that the 
compound may have been formed as an mteimediate durmg growth 
The second method mvolves the use of a radioactive isotope One 
procedure is based upon an isotope dilution prmciple A substrate is 
oxidized m the presence of a postulated intermediate labeled with C“ 
After the oxidation the mteimediate is leisolated, and its mitral and final 
activities are compared A reduction in specific activity provides proof 
that the postulated intermediate has been formed m the oxidation If no 
dilution IS observed, the opposite conclusion may be accepted, provided 
there is evidence that the labeled compound can penetrate the cell wall 
A sunilai approach mvolves the oxidation of a radioactive substrate m the 

* Supported m part by a grant frUm the United States Public Health Service 
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presence of a postulated in tei mediate to see whether any of the activity 
becomes mcorporated m the latter 

Materials and Methods 

The oiganism employed in this work was Azoldhacter agihs, strain 44, 
obtained fiom Professor C B van Niel One experiment was carried 
out With an artificially mduced variant of this organism, designated A13 
(5, 6) 

The growth medium had the followmg composition, made up in dis- 
tilled watei 0 5 to 1 0 per cent substrate, 0 1 per cent KjHPOj, 0 02 per 
cent hlgSOi, 0 01 pei cent CaS 04 , 0 003 pei cent FeSOj, 0 0002 per cent 
NalMoOj, pH adjusted to 7 2 with HCl The mcubation temperature 
was 28-30° To insure uniform and rapid growth the cultures were agi- 
tated on a horizontal shaker 

Respiration was measuied by the Warburg technique The cells for 
manometric experiments were harvested after 3 days mcubation, washed, 
and resuspended m m/ 30 phosphate buffer, pH 7 2, contammg 0 005 m 
C aSOi The rate of oxygen uptake was determmed at 26°, with KOH to 
absorb carbon dioxide The rates are expressed as Qoi (N) values Total 
nitrogen was estimated by the micro-Kjeldahl method 

Succmic acid labeled with 0“ in the caiboxyl groups was synthesized 
by the biological method of van Nicl et al (10), with the ciliate Tdra- 
hymena geht The acid was isolated from cell suspensions by ether ex- 
traction, and contaminating substances were removed by permanganate 
oxidation, steam distillation, and basic ether exti action The resulting 
material was finally sublimed at 150° under 2 mm of mercury pressure 
Total succmate was estimated by the succinoxidase method Douby 
labeled acetic acid was prepared by the use of Closlndium acelicum 
Acetic acid was isolated by steam distillation and estimated by titration 
The /3-carboxyl gioup of oxalacetic acid was obtamed by the anilme citra e 
method (9) Radioactivity measurements were made with a Geiger 
Muller counter as described by Kamen (4) 

Results 

Adaptaiton Experiments — Our experunents have shoivn that the 
tive enzymes of Azotobacter agihs mvolved m the decomposition 
followmg compounds aie adaptive glucose, gluconate, cis- an r 
aconitate, a-ketoglutarate, succinate, fumarate, malate, , 

tarate, malonate, and ethyl alcohol Cells grown on ace a e ° 

periods for ajl these compounds, but regardless of the grow s 


^ Volcani, B , and Barker, H A , unpublished data 



J L ICiUlLSSON iVND H A B/UIKEK 


916 


acetate itself never requires adaptation, probably because it is formed 
during the ovidation of all other substrates, as indicated by mdependent 
evidence (5) 

Table I shows the initial respiratoiy lates foi a series of compounds 
mvolved m the tricaibovylic acid cycle by cells grown on the same com- 
pounds Read horizontally, Table I shows that each gioivth substrate 
causes complete adaptation to all the moie oxidized members, but does 
not m general cause adaptation to more reduced compounds There are, 
hoivevei, exceptions to this generalization m the case of succmate Read 
vertically, Table I demonstrates that the late of respiration is slower when 
the substrates below the homologous one are used for giowth, mdicatmg 
that the oxidation of the lower compounds does not result m formation of 
the higher compounds, as the tricarboxylic acid cycle theory would re- 
qmre 


Table I 

Reapirahon Rates tn Relation to Growth Substrate 


Qoi (N) X lO"’ first 20 mm 


Growth substrate 

a Keto 
sluUratc 

Sucematei 





Endo- 

genous 

a-Ketoglutarate 

10 

25 

17 

25 

28 

32 

0 

Succmate 

2 

30 

26 

26 

25 

30 

2 

Fumarate 

0 

31 

31 

34 

29 

33 

0 

Malate 

0 

17 

9 

23 

29 

47 

0 

Pyruvate 

0 

16 

9 

19 

26 

28 

0 

Acetate 

2 

3 

2 

9 

7 

29 

2 


The adaptation of cell suspensions of Azotoiacter agihs to a new sub- 
strate occurs rather rapidly In Table I the Q 02 values obtamed dur- 
mg the first 20 mmutes are used because after a somewhat longer exposure 
to a substrate (30 to 45 mmutes) a significant adaptation occurs Respira- 
tion curves for succmate- and acetate-grown cells on several substrates are 
shown m Figs 1 and 2 as examples of how adaptation to all compounds 
eventually takes place It is also cleai from these graphs how acetate- 
grown cells require adaptation to all the other compounds, whereas suc- 
cinate-grown cells require adaptation to a-ketoglutarate, but not to fuma- 

rate, malate, pyruvate, or acetate , u 1 

Isoto-pe Expenments—'With the aid of succmate labeled m the carbo^l 
groups with experunents were made to determme directly ™e™er 
succmate is formed from acetate In Expeiiment I ceUs were used which 
were not adapted to succmate, whereas m Experiment ce s a p e 
to both succmate and acetate were used so as to msure en ranee 0 
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succinate into the cells The initial and final activities of the succinate 
iveie deteimined, and only an insignificant dilution was found, as shown 



Minutes 

Fig 1 Respiration curves for acetate groi\ n cells Theoretical oxygen coosump 

tion for complete oxidation of all substrates, 448 microliters of oxygen 


in Table II The theoietical dilution in Experiment I was 
the method described by Baiker and Kamen (1) and it was found t 
specific activity of the succmate should have been reduced to a ou 
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fiftli llie ougin il value if tlio acetate wcie o\idizecl via succinate In Ex- 
peiimenl II, in which tlie succinate w is used up togethei with the acetate, 



Minutes 

liG 2 Respiration curves for succinate-grown cells Theory for complete o\ida 

tion of all substrates, 448 microliters of oxygen 


Still greatei dilution would be expected The obseived dilutions were of a 
lower order of magnitude than those expected 

Since the possibility is not excluded that the ladtoactive succmate does 
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not come into equilibiium with inactive succmate formed inside the cells, 
an attempt was made to demonstrate that isotopic dilution of succmate 
does occm duiing o\idation of a-ketoglutarate which m ail probability is 
broken down via succinate However, this expeiiment was not successful 
because a favorable ratio of the utilization of the two substrates could not 
be attained, since cells adapted to a-kefcoglutarate attack succinate at a 
rapid rate 

A second experiment with C“ was done, this tune with strain A13, an 
induced variant of Azolohacter agihs which has lost the ability to decompose 
oxalacetate and pymvate (5, 6) This genetic block should not mterfere 

Table II 

Test for Dtlulion of Radioactive Succinate during Dccoiiiposttion of Inactive Acetate 
by Cells Unadapted to Succinate (Experiment 1) and Adapted to Succinate 

(Experiment II) 


Eiptn 
ment ! 
No 


i Acelic acid 

Succimciod! 

Imtial 

! Final 

Initial 

1 Final 

I 

Concentration of substrates, «ur per 100 ce 

0 332 


0 167 



Specific activity, counts per min per mg 


1 

27 8 

125 3 

II 

Concentration of substrates, win per 100 cc 

1 00 

0 37 

0 50 



Specific activity, counts per min per mg 


1 

27 8 



Table III 


Oxidation of Doubly Labeled Acetate in Presence of Excess Oxalacetate 





Total acuvity 

Substrates 

Products 

Oxalacetate 

Acetate 

^f-COOH of oxalacetate 

COj 


Munti per mtff 

0 

25.000 

50 

20.000 


With the occuiience of the tricarboxylic acid cycle, and the mutant oxi- 
dizes acetate at the same rate as the parent stiam The experiment was 
conducted in the foUoiyrng mannei A suspension of the organism was 
permitted to oxidize malate to oxalacetate, which has been shown to ac 
cumulate m the medium Since the oxalacetate was formed inside e 
cells and penetrated immediately out mto the medium, it seems reasona 
to assume that it can also readily diffuse back m As soon as the ma a 
had been quantitatively convei ted to oxalacetate (20 minute^, a sm 
amount of doubly labeled radioactive acetate was added The 
was rapidly decomposed, and accordmg to the tricarboxylic aci 
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theor}', practically all the activity should have ended up in the oxalacetate 
Such, howevei, was not the case, as is shown in Table III This consti- 
tutes still another piece of evidence against the opeiation of the cycle in 
Azotobaclcr agihs 

In view of these findings, attempts weie made to demonstrate the an- 
aerobic condensation of ladioactive acetate with oxalacetate or with pie- 
existing cell coiistitutcnts, but without success Also, possible oxidation 
products of acetate, such as glycolic acid, oxalic acid, and formic acid, 
were shown not to be attacked Finally, the possibility of some mter- 
mediate accumulating during acetate oxidation was mvestigated The 
organism was permitted to oxidize doubly labeled acetate until approxi- 
mately 50 per cent of the theoretical amount of oxygen had been consumed 
Then the reaction was stopped by addition of acid and the distribution of 
the radioactivity detcrmmed The carbon dioxide was collected as BaCOs, 
and the cells were separated by centrifugation The clear supernatant 


Table IV 


Distribution of C^tfrom Doubly Labeled Acetate after Partial Oxidation 


Fractiaa 

Total activity 

CO. 

Cells 

Ether insoluble compounds 

Steam volatile acid 

Ether soluble, non-volatile compounds 

uunis per mtn 

8800 

1800 

1400 

1300 

200 


was ether-exti acted overnight, and the ether extract steam distilled 
Table IV shows the distribution of the activity No further attempts 
were made to identify the labeled compounds since so little was found 
in the ethei-soluble, non-volatile acid fraction The ether-insoluble res- 
idue and the cells are probably too complex to make urt er ana ysis 
feasible 


DISCUSSION 

On the basis of the data presented, it seems probable that aU substrate- 
specific enzymes m Azoldbacter agihs aie adaptive m t e sense a 
activities are greatly augmented by the presence of t e omo ogous su 
strates The strongly adaptive chaiacter of the enzymes responsi e 
for the oxidation of a-ketoglutarate, succinate, fumarat^ malate, 
vate is clearly demonstrated in Table I and m Fig 1 e ace u 
appears to be an exception, smce it is present m ce s , fnrma 

strate tested However, this does not necessarily mean that the forma- 
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tion of the acetate enzyme is mdependent of its specific substrate A more 
reasonable interpretation is that acetate is foimed in the breakdown of every 
othei substrate and so is always piesent to stimulate acetate enzyme forma- 
tion Independent evidence has been obtamed from nutiitional experi 
ments that acetate or a closely related compound is mdispensable for 
giowth of Azolobacler agihs (5) It may be generally true that so called 
constitutive enzymes aie m reality adaptive enzymes foi substrates nor 
mally piesent in the cells as a lesult of endogenous reactions 
The CMstence of a leaction chain from a-ketoglutarate through suc- 
cinate, fumaiate, malate, and pyiuvate to acetate is suppoited by the 
finding that each of the highei membeis causes adaptation to all the lower 
ones But since the lowei membeis do not cause adaptation to all the 
higher ones, as the tiicaiboxylic acid cycle theory requires, the cycle 
appears to be inoperative in pyruvate and acetate o\idations Postula- 
tions of permeability phenomena being mvolved oi modified compounds 
being the true mteimediates are excluded by the findmg that aketo- 
glutaiate does cause adaptation to all the lower members of the cycle 
Any compound gomg through the same path as a-ketoglutarate after the 
lattei has entered the mam reaction chain should cause the same adapta 
tions The fact that this is not true for acetate can be taken as a proof 
that it IS not metabolized via the same path as a-ketoglutaiate 
The absence of the tricaiboxylic acid cycle is further substantiated by 
the finding that even with radioactive tiacei methods succinate and oval 
acetate cannot be shown to be foimed during acetate oxidation Fur 
theimoie, malonate inliibition of acetate bieakdowm could not be demon 
stiated Here again it could be mamtamed that the malonate does not 
get mto the cells, paiticulaily smce the pH lange is unfavorable, but even 
during growth on malonate, which seems to be metabolized via the same 
path as acetate, theie is no accumulation of succmate, although m tlus 
case the malonate cei tainly must be getting mto the cells Finally it may 
be mentioned that citiate is not metabolized at all by Azolobacler agi w. 
and CIS- and trans-aconitates aie attacked only aftei long lag peiiods when 
othei compounds aie used as giowth substiates . 

Taken together, these results provide strong evidence that pyiuvate an 
acetate are not metabolized by Azolobaclei agihs via the geneially ac 
cepted tiicaiboxylic acid cycle No alteinative metabolic path has een 
discovered, and the mechanism of acetate oxidation in this organism 
still obscuie 


SUMilARl 


enzymes mvolved m substiate oxidation m Azolobacler agihs 
adaptive, t e , they aie foimed only when the appropria e 
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strate is present or formed duiing growth The existence of a leaction 
chain from a-kctoglutaiate thiough succinate, fiimaiate, malate, and 
pyruvate to acetate is supported by the finding that each of the more 
reduced compounds causes adaptation to all the more oxidized ones But 
smce the loner compounds do not cause adaptation to the higher ones, as 
the tricarboxylic acid C 3 'cle theory would require, the cycle cannot be 
operative for pyruvate oi acetate oxidation in this organism This is 
also mdicated by the fact that formation of succmate and oxalacetate from 
acetate cannot be detected even with radioactive tracers Smce acetate 
13 oxidized at a higher rate than any other compound, a diffeient mecha- 
nism for its breakdonm must exist 
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STUDIEb ON THE ]MECPIANISjM OF ALLOXAN HYPOGLYCEMLi 

By SACIICIIIDANAND V BANERJEE and GANGAGOBINDA 
BII VTTACHARYA 

[From the Departments of Chemistry and Aftlra Research in Diabetes, School of Tropical 

Mcdictnc, Calcutta, India) 

(Received for publication, May 22, 1948) 

It IS ivell lvno\\7i that wlien alloxan is injected intravenously into rabbits, 
ogs, and monkeys an initial hyperglycemia is followed by a transient 
ypogycemia, leading to death of the animals from hypoglycemic con- 
vulsions If the hypoglycemia is prevented by repeated intravenous injec- 
lOM of glucose, the animals survive and permanent hyperglycemia and 
diabetes develop 

The cause of the transient hypoglycemia has been differently explained 
y different workers While Goldner and Gomori (1), Ridout et al (2), 
ennedy and Lulxens (3), and Banerjee (4) consider that the alloxan 
ypoglycemia is pancreatic in ongin owing to the release of preformed 
ii^ulm from the necrosed islets, Houssay el al (5), Wrenshall (6), and 
arrasco-Formiguera (7) are of opinion that the cause of this hypoglycemia 
IS extiapancreatic In experiments with dogs Houssay et al (5) observed 
ypoglycemia when alloxan was injected half an hour after the animals 
were pancreatectomized Wrenshall (6) removed the pancreas of dogs 
ours after the animals had received injections of a diabetogenic dose of 
a oxan and determmed its insulm content No significant difference m 
0 msulm content as compared to normal controls was observed, which 
indicated that no measurable quantity of msulm was released mto the 
circulation Wrenshall further observed that when dogs were made re- 
sistant to msuhn by injections of an tenor pituitary extract a diabetogenic 
ose of alloxan significantly lowered the blood sugar level to that of normal 
controls Carrasco-Formiguera (7) clamped the pancreaticoduodenal blood 
vessels m three dogs before the diabetogenic dose of alloxan was mjected 
though all of the animals failed to develop diabetes, aU showed pro- 
nounced hypoglycemia In experiments with rabbits Carrasco-Formi- 
guera observed that when rabbits received mjections of epmephrme 1 hour 
prior to the mjection of a diabetogenic dose of alloxan most of the animals 
^ded to develop diabetes, but all of them had pionounced hypoglycemia 
Goldner and Gomori (8) could not confirm the claims of Houssay and 
others (5-7) They observed no hypoglycemia after mjection of dia- 
betogenic doses of alloxan m dogs m which the pancreas was removed 30 
minutes or several days or weeks prior to the mjection When the blood 
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vessels supplying the pancieas were clamped pnor to the injection of 
alloxan, the dogs which failed to develop diabetes did not show any hypo 
glycemia In their experiments mth rabbits Goldnei and Gomori, how- 
ever, confirmed the obscii ations of Baneijec (4) who showed that partially 
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mRS RFTER INJECTION of mOXRN 

Fig 1 Blood sugar curves of rabbits after injection of alloxan (200 mg per kilo)^ 
Prior to the injection of alloxan the rabbits were fasted for 7 days and each recew 
by injection a daily dose of 100 mg of phlorhizin for 7 days 

panel eatectomized labbits failed to develop seveie hypoglycemia, 
have hypoglycemic convulsions, and all of them survived without mjec 
of glucose and developed diabetes These findings indicated a 
hypoglycemia depended upon the amount of insulin avaiia e m 

pancreas 
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on 4 bSitv ,n it *“‘>'>“>8“'' -io® o' alloxan 

gar level m those animals weie studied 



HOURS RFJER FEEDING GLUCOSE 

roade'bef tolerance curves of a rabbit The dash curve represents the test 

teat m rl aaimal was fasted and phlorhizimzed, the solid curve indicates the 

Sea ter the rabbit was fasted and phlorhizimzed for 7 days 


EXPERIMENTAL 

female Himalayan rabbits, varying m weight between 1280 
gm ) weie housed m sepaiate metabohsm cages The annuals 
this^ ^ period of 7 days but weie allowed to drink watei during^ 

peiiod Each anmial leceived a daily mtramusculai injection of 100 
S o phloihizin suspended in olive oil foi these 7 days All of the animnls 
^ creted sugai in the urine by the 2nd day of the expeiunent On the 8th 
ay a o\an m a dose of 200 mg per kilo of body weight was mjected into 
ac^ vem of all the rabbits and the blood sugai was estimated 

^ mg to the method of Hagedorn and Jensen (9) m samples of blood 
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taken both before and at varying intervals up to 24 hours after the in- 
jection of alloxan The blood sugar curves of the animals are shown in 
Fig 1 

In 01 del to study the utilization of glucose by a phlorhizinized rabbit 
fasted for 7 days, a glucose tolerance test was pei formed in a rabbit fasted 
overnight The labbit was fasted and then given a daily mjection of 100 
mg of phlorhizm for a period of 7 days as described before On the 8th 
day the glucose tolerance test was performed as follows The rabbit was 
fed a 50 per cent solution of glucose m a dose of 1 gm pei kilo of body 
weight Samples of blood were taken both before and at intervals of 
half an hour up to 2] hours after the glucose feeding Blood sugar nas 
deteimined as before The results are shown m Fig 2 

Two rabbits were made diabetic by intravenous mjection of alloxan 
After 7 days a diabetic type of glucose tolerance cuive was obtained 

Table I 

Blood Sugar Values of Alloxan-D tabetic Rabbtls before and after Intravenous Injectwn 

of Alloxan 

Blood sugar values arc expressed m mg per cent 


WjlM 

Fasting blood 


Blood sugar alter injection ot alloxan 

■■ 

mm 

sugar 

1 hr 

U hrs 

2} hrs 

31 hrs. 

4J hrs 


1 

1 

233 

n 

497 

428 

428 

428 



118 

mi 

210 

287 

341 

259 

■H 


Alloxan (200 mg per kilo) was then injected in both of these rabbits and 
samples of blood xvere draxvn at varymg intervals up to 6 hours after the 
mjection of alloxan The blood sugar values are given m Table I 


Results 

Phloihizmized rabbits fasted for 7 days showed a diabetic type of glucose 
tolerance curve Injection of alloxan mto such rabbits produced an imtia 
hyperglycemia, but no hypoglycemia was observed in any one of em 
24 hours aftei the injection of alloxan all of the rabbits 
the urme and the blood sugar level was high, mdicating that a o 
animals developed diabetes , 

Injection of alloxan mto labbits made diabetic by a previous ^ 

of alloxan caused a further rise in the blood sugar level, and even 
after the mjection of alloxan the blood sugar level was much a o 
fastmg blood sugar value 
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DISCUSSION 

Nomial rabbits de\elop hypoglycemic convulsions within 2 to 4 hours 
after the intia\enous injection of a diabetogenic dose of alloxan (200 mg 
per kilo) (i) All of the foui rabbits which were phlorhizmized and 
fasted for a period of 7 days showed initial hypeiglycemia, contrary to 
the findings of Goldner and Gomori (10), but failed to develop hypogly- 
cemia even 5 hours after the injection of alloxan All of the animals sur- 
vived the next day w ithout injection of glucose and show^ed marked hy- 
perglycemia and glycosuria and developed diabetes A glucose tolerance 
test in one such labbit gave a diabetic type of curve, mdicatmg that a 
fasted phlorhizmized rabbit has possibly less insulm for the utilization of 
glucose Du Vigneaud and Karr (11) observed that rabbits fasted for 7 
days or longer did not utilize glucose as normal animals do The injec- 
tion of phlorhizin to the fasted rabbit led to the excretion of glucose m 
the urine, which further enhanced the carbohydrate starvation, leading 
possibly to further diminution m the insulm secretion of the pancreas 
Injection of alloxan in two alloxan-diabetic rabbits failed to lower the 
blood sugar level from the initial fasting value The absence of b3T)o- 
glycemia after the mjection of a diabetogenic dose of alloxan m fasted 
and phlorhizmized rabbits and m rabbits made diabetic by previous m- 
jection of alloxan, conditions m which there is less msulm m the pan- 
creas, seems to indicate that the cause of alloxan hypoglycenua is pan- 
creatic m origin and not extrapancreatic as claimed by Houssay and 
others (5-7) 


SUMMARY 

1 Alloxan (200 mg per kilo) was mjected mtravenously mto four 
rabbits which were fasted and then received a daily mjection of 100 mg 
of phlorhizm for a period of 7 days No hypoglycemia was observed m 
any of the rabbits 

2 Glucose tolerance tests were performed m a rabbit, both before and 
after the animal was phlorhizmized and fasted for 7 days A diabetic type 
of glucose tolerance curve was observed when the animal was phlorhizmized 
and fasted 

3 Alloxan was mjected mto two rabbits made diabetic by a previous m- 
jection of alloxan Alloxan did not lower the blood sugar level from its 
mitial fasting value 

4 The alloxan hypoglycenua as observed m rabbits seems to be pan- 
creatic m origin 
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TPIE STRUCTURE OF NEW CYCLOHEXOSE PRODUCED 
FROM d-INOSITOL BY BIOLOGICAL OXIDATION* 

Bom's MVGVbVNIKf vnd ERWIN CHARG/VFF 

(From the Dcparlmcnl of Biochcmittlry, College of Physicians and Surgeons, Columbia 

Uniiersity, New York,) 

(ItcLCivcd for public itiou, May 25, 1948) 

In a pieviouia publication (1) the oxidation pioducts weie desciibed that 
resulted from the action of Acctobaclei suboxydans on various isomeis of the 
inositol senes With d-inositol (I) as the substiate, the bisphenylhydra- 
zone of the diketone II and a compound having the analytical composition 
of the phenylhydiazone of a cyclohexose weie isolated aftei the addition of 
phenylhydrazine to the culture fluid Both substances were obtamed m 
very poor yields Smee, however, d-inositol was shown to take up 2 gm 
atoms of oxygen per mole, when shaken in a Warburg vessel with restmg 
bacteria, an extension of this technique to piepaiative work seemed promis- 
ing The results of these expeiiments, which led to the isolation of a new 
cyclohexose, aie described m the present paper 
The apparatus used, essentially identical with the customaiy airange- 
ment foi catalytic hydiogenations at atmospheric piessure, made it possible, 
by means of the obseiwation of oxygen consumption, to follow the comse of 
the reaction The oxidative reactions could be mteriupted at various 
levels of oxygen uptake, yielding different proportions of the mono- and the 
diketo compound The addition of phenylhydiazme to the solutions con- 
taining these substances resulted m the precipitation of mixtures of their 
respective mono- and bisphenylhydiazones These could be separated by 
viitue of the lower solubility of the monophenylhydrazone m boihng eth- 
anol The pure compound, however, was not obtained m a good yield when 
large amounts of the bisphenylhydiazone were present For the prepara- 
tion of the monoketo compound the reaction was, therefore, mterrupted 
after the uptake of about 0 5 gm atom of oxygen per mole of d-mositol 
Under these conditions the yield of monophenylhydrazone was 55 per cent 
and of bisphenylhydrazone 3 3 per cent of the theoretical, based on the 
amount of oxygen consumed 

The levorotatoiy phenylhydrazone was split m the usual manner with 

* This w ork waa supported in part by a grant from the American Cancer Society on 
the recommendation of the Committee on Growth of the National Research Council 
t William J Gies Fellow, 1947-48 This report is from a dissertation submitted by 
Boris Magasanik in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy in the Faculty of Pure Science, Columbia University 
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benzaldehyde The resulting inosose was found to be less stable than the 
mososes pieviously described (2-5) The evaporation of the solution 
containing this compound to diyness in vacuo at about 30° led to a non- 
crystalline residue wluch failed to reduce Benedict’s solution When, how- 
ever, the evaporation was earned out in the frozen state in vacuo, the hemi- 
hydrate of an mosose, CoHioOg jHaO, was obtained, after the recrystalhza- 
tion of the residue fiom aqueous ethanol, m a yield of 87 per cent of the 
theory The dextroiotatoiy, very water-soluble, crystalline substance 
reduced Benedict’s solution m the cold, though more slowly than vieso- or 
epi-mosose, and reacted with phenylhydiazme to form a phenylhydrazone 
The exact configuration (III) of this cyclohexose, for which the designa- 
tion d-vnososB IS proposed, was established by oxidation with resting dccto- 
hacler suhoxydans, which led, after uptake of 1 gm atom of oxygen per mole 
of substrate, to a diketone isolated as its bisphenylhydrazone This was 
shoivn by optical rotation, melting point, and mixed melting point to be 
identical mth the compound resulting from the uninterrupted bacterial 
oxidation of d-mositol (I) itself (1) The reactions involved are represented 
m the accompanying flow sheet (The numbermg of the carbon atoms 
follows that adopted in the precedmg paper (1) ) 




6 , 3 > 

B 4, 


O, 


Acelobacler suboxydans 


(I) 




Acclobaclcr 

suboxydans 


Pt 


(III) 


H, 


(I) -1- 


Nl 


(IV) 


0 


(U) 




Acctobacter 

suboxydans 




Since II is formed by the oxidation of the hydioxyl gioups in ^ 

and 3 of I (1), d-mosose must be the monocarbonyl compoiYo ^ 

the oxidation of one of these groups The mspection of ^ 
formula shows that, regardless which of these hydroxyls is attacked, y 
hexane-(l,2,5)ms-pentol-3-one (III) will result 
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Additional proof was fuinishcdby the reduction of d-mosose ivith hydio- 
gcn m the presence of platinum oxide This reaction led to a muxture of 
the stereoisomers d-inositol (I) and iiicso-inositol (IV), m which com- 
pound I predominated This is an instance of the conveision of one 
naturallj’’ occuriing isomei, viz d-mositol, into anothei, ??ieso-inositol 

d-Inosose (III) belongs to the group of slx cyclohexoses structurally de- 
rived from Hieso-mositol (IV) Of these, meso-inosose (3), dZ-epi-mosose 
(2), and Z-cpi-inosose (1, 5), winch have aheady been described, closely re- 
semble each other m chemical and physical pioperties d-Inosose, how- 
ever, differs markedly fiom the others Reference has already been made 
to its greater heat sensitivity, to its slower oxidation by Benedict’s solu- 
tion, and to the fact that it crystallized from aqueous alcohol as a stable 
hemihydrate 

Striking differences were revealed by a comparison of the ultraviolet 
absorption spectra of meso- and d-inosose (Fig 1) meso-Inosose, m a 
freshly prepared aqueous solution, was found to possess an absorption band 
wnth a ma-xunum at 282 m/i (e = 22 2), m essential agreement with the 
observation of Posternak (5) The same spectrum was recorded when the 
measurement was repeated after the solution had been allowed to stand at 
room temperature for 48 hours A freshly prepared aqueous solution of 
d-mosose, on the other hand, showed a weak absorption band with a maxi- 
mum at 258 m^i (e = 14 8) But the spectrum changed, m the beginning 
quite rapidly, when the solution was stored, with the disappearance of the 
absorption band The curve recorded after 48 hours is mcluded m Fig 1 
Absorption bands in this region of the spectrum are characteristic for the 
carbonyl group (6) According to this evidence, meso- and epi-mosose, as 
was pomted out by Posternak (5), seem to exist in aqueous solution as the 
free keto compounds, differing m this respect from the ordmaiy hexoses 
d-Inosose, on the other hand, does not appear to occur to any extent as a 
carbonyl compound, once tautomeric equilibrium has been established 

Another unusual feature may be seen m the behavior of d-mosose toward 
sodium amalgam Whereas the other mososes studied were reduced by 
this reagent to a mixture of stereoisomeric mositols, d-mosose yielded, fol- 
lowmg the acetylation of the reduction product, an unexpected derivative 
The analytical figures obtamed for this crystallme compound and its molec- 
ular weight were in keeping with its formulation as 
substance having the formula Ci2Hi20(OH)io (V) oi C 12 H 10 ( )io ( ) 

luV, 2 molecules of inositol could be assumed to be connecte t oug an 
ether hnkage > CH— 0— CH < , VI, contammg 2 hydrogen atoms less, 

0 


could be formulated as an epoxide, >C 
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If i-mosose itself is considered as existing laigely as the dimer, m which 
the 2 molecules are linked by way of the hydiated carbonyl groups, 
> C (OH) 0 C (OH) < , the analytically demonsti ated pi esence of 1 mole- 
cule of stably bound watei foi 2 molecules of the keto compound becomes 
undeistandable The other chemical and physical properties of the com- 
pound, mentioned above, also accord with this assumption, although the 

& 



Fig 1 Absorption spectra of d-mosose (III) and inoio mosose, 30 minutes and 48 
hours after the preparation of the aqueous solutions 

production of an ethei linlcage (V) by the reduction of a hemiacetal with 
sodium amalgam appears lathei unusual 

In the second, less plausible alternative mentioned above, the decaace 
tate of compoimd VI would have been foimed from monomeiic d-inosose 
by the reduction of 2 molecules to a pinacol which then was dehy la e > 
undei the conditions of the acetylation, to an epoxide While ana ogo 
leactioiis have been described (7, 8), it is difBcult to coiielate the proper 
of d-mosose with this assumption 
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LXPLRIMLNTAL 

Material 

The preparation of d-inositol and the cultivation of Acetobacter suboxy- 
dans have been described in a previous communication (1) 


Preparation of d-Inosose 


18 gm (100 msi) of d-inositol weie dissolved m a nuxtuie of 100 cc of 
water and 50 cc of w/15 phosphate bulTei of pH G 0 m an Erlenmeyer 
flask To this solution a suspension of washed Acetobacter suboxydans, 
grown in nine Roux bottles foi 3 dajn (about 0 5 gm , dry weight), m 25 cc 
of 0 9 per cent aqueous sodium chloiidc was added The flask wns attached 
to a graduated ieser\ oir filled with oxygen and the mLxtuie agitated at 37° 
with a magnetic stirrei The rapid leaction w'as stopped after 155 mmutes, 
when 565 cc of oxygen (about 23 mw) had been taken up The bacteria 
were removed by centrifugation and filtiation through infusoiial earth, and 
10 cc of phenylliydia/me in 20 cc of 50 per cent acetic acid weie added to 
the clear, colorless filtrate The solution turned led, and a copious precipi- 
tation of pinlv crystals occuned This mLxtine of phenylhydrazones was 
washed with w'atei, dried in air, and the diy material (9 8 gm ) was refluxed 
for 30 minutes with 200 cc of ethanol The muxture was filtered and the 
yellowish lesidue agam extiacted undei a leflux ^vlth 200 cc of ethanol for 
18 hours The undissolved lesidue consisted of 6 8 gm (25 4 mu) of almost 
pure phenylhydrazone of d-inosose, m p 193-195° * Yield, 55 pei cent, 
based on the amount of oxygen consumed The pieparation of the pure 
phenylhydiazone is desciibed below 

The red alcoholic filtrates, on evapoiation to a small volume and addition 
of watei, yielded 270 mg (0 76 mu) of the previous!} described (1) bis- 
Vl^nylhydrazone of II, m p (after lecrystallization fiom aqueous methyl 
cellosolve) 217° Yield, 3 3 pei cent, based on the amount of oxygen 
consumed 

The phenylhydrazone (6 8 gm ) was heated undei a reflux for 10 minutes 
with 10 cc of fleshly distilled benzaldehyde and 1 gm of benzoic acid m 
100 cc of water The filtrate was extracted wath thiee 100 cc portions of 
ethei and tieated with chaicoal, and the cleai, yellow solution evaporated 
tn vacuo m the frozen state The yellowish, semiciystalhne residue wns 
dissolved m 20 cc of water, contammg a few^ drops of dilute sulfuric acid 
and decolorized with charcoal, and 60 cc of ethanol were added to the clear 
colorless filtrate After chilling overnight, the crystalhne hemihydrate of 


* The melting points, reported without correction, were determined i\ith an 
electrically heated stage (Fisher Johns) The intact crystals were placed on the 
stage which was preheated to about 5-7° below the melting point 
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d-inosose (III) v.as obtained as colorless plates weighing 4 1 gm (22 mu) 
Yield, 87 per cent of the theoretical 

After one additional crystalhzation fiom aqueous ethanol, the compound 
melted at 138-139° It was dextrorotatory m water and showed no muta- 
rotation (c = 2 37, i = 2 dm , = +0 93° ± 0 01°), = + 19 6° 

±0 2° Its solution reduced Benedict’s solution m the cold, though at an 
appreciably slower rate than a coriesponding solution of meso-mosose 

CcHioOi 3H2O (187 1) Calculated, C 3S 5, H 5 9, found, C 38 5, H 5 S 

Phenylhydrazonc oj d-hiosose — On addition of phenylhydrazme m 50 per 
cent acetic acid to an aqueous solution of d-inosose, faintly pink ciystals 
appeared almost at once They were washed with hot ethanol and re 
ciystalhzed fiom aqueous pyridme The phetiylhydrazone of III was thus 
obtamed as white plates, melting mth decomposition at 19(3-197° The 
optical rotation in 1 1 ethanol-pyndme (c == 1 SO, i = 2 dm , = — 1 99° 

± 0 02°) was [a]^ = — 55 3° ± 05° No mutarotation was obsened 
withm 24 hours 

(263 3) Calculated C S3 7, H 6 0, N 10 4 
Found 53 8, " 5 7, “ 10 5 

No crystalhne acetate of d-inosose could be obtained 

Action of Acclohactc) suboxydans on d-Inosose (III) 

Oxygen Consumption and Oxidation Rate — ^The determinations were cox- 
ned out by allowing 0 5 cc of a bacterial suspension containing 1 3 mg of 
bacterial nitrogen to act on 7 micromoles of d-inosose m a total volume of 
3 cc of m/15 phosphate buffei of pH 6 0 and at 36° in the presence of air 
The uptake of oxygen per mole of substiate was 0 51 mole The Qq^ (h) 
calculated foi the time interval foi w'hich the oxygen uptake w'as linear was 
— 83 The total duration of oxygen uptake was about 80 mmutes 

Formation of Bisphenylhydiazone of II — ^In3cc of m/1 5 phosphate bu er 
(pH 6 0), 187 mg (1 imi) of III w’ere chssolved and shaken under 
with a suspension of washed Acetobacler suboxydans (thy weight about 
gm ) m a water bath mamtained at 36°, A total of 12 cc of oxygen (a ou 
0 50 mM) was taken up m the course of 10 hours The bacteria were re 
moved by centiifugation and filtration thiough infusorial earth, im 
cc of phenylhydrazme in 2 0 cc of 50 per cent acetic acid w'as adde 0 
deal, yellowish filtrate A 1 eddish yellow' precipitate 
yielded, after recrystalhzation fiom aqueous ethanol, 140 mg ( ^ ' 

39 per cent of the theoretical) of the bisphenylhydrazone of II ^ 

pound, whose direct preparation from d-mositol has already been ^ 

(1), was further purified by recrystalhzation from aqueous me y c 
The long yellow crystals, possessmg a greenish sheen, melte a 
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decomposition The crushed powder decomposed at 210° (1) The optical 
rotation of the freshly picpared solution of the compound mil ethanol- 
pyridine (c = 0 056, 1=1 dm , an* = — 0 16° ± 0 01°) was [o;]^^ = —286° 
± 17° The bisphcnylhydiazonc, obtained by the direct bacterial oxida- 
tion of d-mositol (1), showed an optical lotation of (c = 0 0504 , 1 = 1 dm , 
= -0 11° ± 0 01°) [a]“ = -278° ± 20° - The mixture of these two 
bisphenylhydrazones showed no depiession of the melting pomt 


Convcrsioji of d-Inosose to d- and meso-Inositol 

Calalylic Reduction — 1 gm (5 1 mAt) of III was dissolved m 30 cc of water 
and shaken wth 140 mg of platinum oxide in an atmosphere of hydrogen 
A total of 225 cc of hydiogen was taken up m 3 hours About 1 mole of 
hydrogen was consumed per mole of d-inosose (aftei correction for the hy- 
drogen used for the reduction of the catalyst) A httle acetic acid was 
added, the mixture heated to boiling, the coagulated platmum removed by 
filtration, and the filtrate evaporated to diyness in vacuo The residue was 
dissolved m 5 cc of water and the solution treated with charcoal The ad- 
dition of 40 cc of ethanol to the filtrate resulted m the deposition of a mix- 
ture of meso- and d-inositol, 620 mg (64 per cent of the theoretical) meltmg, 
after being dried in vacuo at 60°, between 223-236 

Hexaaceiate of meso-Inositol—A portion of the mixture of the two mositols 
(85 mg ) was refluxed for 8 mmutes with 1 cc of acetic anhydnde m the 
presence of a small amount of zme chloride The cooled mixture was 
poured mto 10 cc of water, when a viscous oil, adhermg to the sides of the 
flask, separated The supernatant hqmd was decanted from the chiUed 
mixture and the oil dissolved m a small volume of boilmg et ano e 
concentration of this solution to a volume of 1 cc , followe ^ 
suited m the deposition of about 10 mg of white crysta 
pomt, after one additional recrystallization from et ano , was 
The admixture of authentic hexaacelyl meso-inosilol di not ower e me 


mg pomt j , , „ 

The alcohohe mother liquors wei e evaporated to dpmess an 
viscous oil, presumably d-inositol hexaaceiate, was found to weig g 

after being dried in vacuo at 60° , 

d-InosiM— The remamder of the mixtuie of the two mositols 

’ Higher values for the specific rotation were m the experi- 

solutions of the bisphenylhydrazones (1) In the i u e solution 

ments here described, the rotation changed very rap V rip\trnrotatorv and that 

of the bisphenylhydrazone of II was found to have beoome dextrorotatory and^ 
of its enantiomorph (1) levorotatory No such rapi c a „ of En^el (9) 

»..e ..lut.o™ (1) Th„ » .. taep»| ““ftht 

who showed the mutarotation of osazones to be 
tone and phenylhydrazine 



936 


d-INOSOSD 


crystallized twice flora aqueous alcohol The white crystals (130 mg), 
melting at 247-248°, showed no depression of the melting point when mrxed 
with d-tnosilol The optical rotation in water (c = 3 30, Z = 2 dm , = 

+4 20° d= 0 02°) wms found as [ajn® = +63 6° ± 0 3° The rotation of 
pure d-inositol is [a]“ = +65 0° 

Reduction of d-Inososc (III) by Sodium Amalgam 

To 700 rag (3 8 nwi) of III, dissolved in 10 cc of water, 2 5 per cent so 
drum amalgam wms added in 1 gm portions over a period of several hours 
with contmuous shaking The solution was kept neuti al by the addition of 
N acetic acid i\f tei 40 gm of sodium amalgam had been added, the mix- 
ture no longer reduced Benedict's solution The mercury was removed by 
filtration and the filtrate evaporated to dryness in lacuo The dried residue 
was treated with 10 cc of boiling acetic anhydride m the presence of zmc 
chloride for a period of 5 minutes The cooled muvture was poured mto 
several volumes of wmter and dulled overnight, when 620 mg of shghtly 
brown, crystalline material, meltmg at about 170°, were deposited The 
filtered solution of this substance m boihng ethanol deposited, on bemg 
cooled, 450 mg of white plates, melting at 175-176° This compound did 
nob reduce Benedict’s solution, even after prolonged heatmg 

Deoaacetato of CijHi.O(OH)io, Cj HijO.i 

Calculated C 50 4, H 5 0, CH,CO— 56 4, mol wt 762 7 

Deoaacetate of CijHioO(OH)io, Cj.HioOji 

Calculated C 50 5, H 6 3, CHjCO — 56 6, mol wt 760 6 
Found “ 50 6, “ 5 5, “ 56 0, " “ (Raat) 730 

Absorption Spectra 

The absorption spectra of d-inosose (III) (24 4 mui solution in water) 
and of meso-inosose (28 9 mji solution m water), 0 5 and 48 hours after 
preparation of the solutions, are reproduced m Fig 1 The pH of the so u 
tion was 5 4 and 4 8 zespectively The measurement of the spectra in so n 
tions adjusted to pH 7 0 by dilute phosphate buffer led to essentially e 
same results A Beclcraan photoelectric quartz spectrophotometer was 
used 

We are mdebted to Miss R Rothei for the microanalyses The 
determination was carried out through the courtesy of Dr Al Steyerma 
of Hoffmann-La Roche, Inc , Nutley, New Jemey 

SUMMARY 

A new cyclohexose, d-mosose (III), was ob tamed by the incomplete ox: 
tion of d-inositol (I) by Acetobacter suboxydans 
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The coufigmatiou of tins tompouud, which appeals to exist as the dimer, 
was cst iblished by b icteri d oxidatiou to the diketone II and by catalytic 
leductioii to d-iuositol (I) and meio-mositol (IV) 

In centrist to the othei known inososcs, d-inosose exhibited, m a freshly 
prepared 'icpieous solution, only a w’eak caibonyl band in the iiltiaviolet, 
which disappeared when the solution aged 
The reduction of the keto compound with sodium amalgam led to a di- 
meric compound, isolated as the decaacetate, W'hose structure is discussed 

ninuoGinvpm 

1 Magasanik, li , and CliargalT, L , J Biol Chem , 174, 173 (1948) 

2 Posternak, T , Ilclv chim acta, 19, 1333 (1936) 

3 Posternak, T , Ifclv chun acta, 24, 1015 (1941) 

4 ChargafT, E , and Magoaanik, B , J Biol Chem , 166, 379 (1946) 

5 Posternak, T , IIclu chim acta, 29, 1991 (1946) 

6 Leermakers, J A , and Woissberger, A , in Gilman, H , Orgame chemistry, 2nd 

edition, New York, 1720 (1915) 

7 Paal, C , Bcr chem Ges , 17 , 911 (1884) 

8 Meerwcin, II , Inn Chem , 396, 200 (1913) 

9 Engel, L L, J Am Chem Soc , 67, 2419 (1935) 




THE OXIDATION OF d-QUERCITOL BY ACETOBACTER 

SUBOXYDiUNS* 


By BORIS MAGAS \NIKt and ERWIN CHARGAFF 

{Frcm the Dcparlmciit of Uiochcmtslnj, College of Physicians and Surgeons, Columbia 

Uniicrsily, New York) 


(Received for publication. May 25, 1D48) 


A previous communication from this laboratory (1) included the demon- 
stration that d-queicitol (I) was oxidized by resting Acetobacler suhoxydans 
The maximal oxygen consumption amounted to 2 gm atoms per mole of 
substrate The present paper deals with the isolation and identification of 
the oxidation product 




(I) 


The oxidation was carried out on a preparative scale with restmg bac- 
teria in the presence of oxygen by the technique described m the precedmg 
paper (2) Oxygen uptake under these conditions ceased when about 1 3 
atoms of oxygen had been taken up per molecule of d-queicitol The addi- 
tion of phenylhydrazine to the reaction mixture resulted in the deposition 
of a dextrorotatory, crystalline, yellow compound, having the analytical 
composition of the bisphenylhydrazone of a diketo quercitol The yield 
was 33 per cent of the theoretical, based on the amount of oxygen con- 
sumed The low recovery of bisphenylhydrazone and the incomplete 
oxidation (measured by the oxygen uptake) seem to mdicate that the 
attack on a large portion of the substrate stopped with the formation of 
an mtermediate monoketo compound This finding is m keepmg with 
observations reported previously (1), xvhich shoived that the rate of the 
first oxidation step was considerably greater than that of the second, and 
that ivith a smaller quantity of bacteria the total oxygen uptake amounted 
to only 1 atom pei molecule of substrate Attempts at the isolation from 
the reaction mixture of the phenylhydrazone of a monoketo compound 
were, however, not successful 

The absorption spectrum of the bisphenylhydrazone reproduced m Fig 

* This work was supported in part by a grant from the American Cancer Si^iety on 
the recommendation of the Committee on Growth of the National Research Cmmcil 
t William J Gies Fellow, 1917-48 This report is from a dissertation submtted by 
Boris Magasanik in partial fulfilment of the requirements for the degree of Doctor ot 
BhiJosophy m the Faculty of Pure Science, Columbia Umversity 
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OXIDATIOA OF (Z-QUhRCITOL 


IS chaiacteiistic of osazones (1, 3) The consumption of penodic acid m GG 
per cent ethyl alcohol at lOom tempeiature conesponded to 2 moles of 
oxidant per mole of substance The compound must theiefore be the bis 
phenylhydrazone of an a-ddcetone, Avith the thiee hydioxyl groups situ- 
ated on adjacent carbon atoms Stmctures II and III only are compatible 
with these results 


N— NHC.IL 




^N— NIICjII 


C.H.NH— N==< 


(ID 


GoHsNH— X 
(HI) 


In oidei to decide between these two possible stmctures, the rates of oxi 
dation by pei iodic acid of this a-bisphenylhydiazone and of the one pre- 
pared fiom d-inositol (IV) (1) ivere compaied 


/ 


N— NIIC.II 


,/ 


NHC.ID 


(IV) 

The measuiements weie earned out m veiy dilute, stiongly acidic, alco 
hohe solution, m ordei to alloiv obseivatioii by slowing dmvn the reac i 
rates sufficiently The results summaiized m Table I ^ , 

a-bisphenylhydiazone derived from d-queicitol wms oxidized m 
phase of the reaction at a speed about half of that at whic e 
derivative was attacked 

It has been shoivn repeatedly (4, 5) that cyclohexitols 
vicinal hydioxyl gioups m the cis position aie cleaved by periou 
an appreciably greatei rate than aie then tians isomeis , jg A 

Compound IV (1) does not possess a pan ^ may there- 

compound having stmeture III, with one pan of cis hydi ^“’^^^^^^^ 4,011 
foie be expected to be oxidized moie lapidly than IV ^ 

that the a-bisphenylhydiazone deiived fiom ^ ossesses 

consideiably slowei late than favois the posi- 

stmeture H, m rvhroh the vernal M-yl ^ps ^ „ 

tion The slowei oxidation may be due to the fa b 

has only three Sw groups m pos.W'= ^ 

:,t:rSro a" “ 
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Fig 1 Absorption spcctiuin (in absolute ethanol) of the a bisphenylhydrazone of 
cycloho\ane-(l,5)cis 6-triol-2,3 dione(n) 


Tablc I 

Rates of Oxidation by Pci iodic Acid of cc-Bisphenylhydrazones Derived from d-Quercitol 

and d Inositol 


Duration of oxidation 


Oxidant consumnd per mole a bisphenylhydrazone denved from 


d Qucrcitol 


d Inositol 


min 


moles 


1 

2 

5 

10 

30 

1440 


0 30 
0 40 
0 68 

0 98 

1 40 

2 35 


moles 

0 55 
0 86 

1 25 
1 48 
1 78 
3 01 


cycloliexane-{l ,5)cis-6-tnol-2 , 3 -dime, loslated as its bisphenylhydrazone 

(II) ‘ 

^With respect to the numbering of the carbon atoms, compare a previous 

4iacuasion ( 1 ) 



942 
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The stenc structure of cf-quercitol has been discussed in a previous com- 
munication (1) It was suggested there that the hydro\-yl groups 2 and 3 
are situated in the north and south polar planes, respectively, while the 
remaimng hydroxyls are ranged in the equatorial belt The results re- 
ported in this paper are, therefore, in agi cement with the previously 
stated rule for the minimum stenc requirements for the oxidation of ino- 
sitol isomers by Acelohacler suboxijdans, viz , that only polar hydroxyl 
groups are oxidized (1) 

It may be of mterest to point out that Bertrand’s rule (6), which de 
scribes the action of the microorganism on straight cham polyhydroxy com- 
pounds, would have led to the expectation that a monoketo compound 
should be formed from d-quercitol 


EXPERIMENTAL 


Malenal 

d-Quercitol was a commercial preparation, melting at 239-240°,’* = 

-f 23 9° Acelohacler suboxydans was cultivated by the methods descnbed 
previously (1) 

Formalton of Compound II from d-Quercilol 

To a solution of 1 76 gm (10 7 mil) of d-quercitol m 25 cc of Ji/15 
phosphate buffer of pH 6 0a suspension of washed Acelohacler suboxydans 
(about 0 5 gm , dry iveight) m 25 cc of 0 9 per cent aqueous sodium cblonde 
was added The flask was attached to a graduated reservoir filled with 
oxygen and the mixture agitated with a magnetic stirrer m a room mam- 
tamed at 37° The consumption of oxygen, rapid at first, ceased when 1G7 
cc (about 6 7 mw) of ox-ygen had been talven up m 230 mmutes The bac- 
teria were removed by centrifugation and filtration through mfusorial eart 
and 4 cc of phenylhydrazme in 8 cc of 50 per cent acetic acid were ad 
to the clear, yellow filtrate The precipitate (1 45 gm ) weighed, after 
being washed with cold ethanol, 750 mg (2 2 mM, 33 per cent o 6 
theoretical yield, based on the amount of oxygen consumed) and forme pa e 
yellow crystals The bisphenylhydrazone of cyclohexane-{l ™ 

2,S-dione (II), after two recrystalhzations from aqueous methyl ce 
and boiling ethanol, melted (with decomposition) at 199-200 ^ 
rotation in 1 1 ethanol-pyridme (c = 0 357, Z 0 5 dm , [a]D — + 
was found as [all* = +02° 


CisHsoOjNi (340 4) 


Calculated C 63 5, H 5 9, N 16 5 . „ 

Found " 63 1, “ 5 6, “ ( Dumas) 16 6 


»The melting points, reported without correction, were de 
electrically heated stage (Fisher-Johns) The intact crystals P 
stage which was preheated to about 5-7“ below the melting point 
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The various mother liquors yielded, ou evaporation, led amorphous 
pow ders w Inch w ore very soluble m alcohol 

Absorption Spectrum — The absoiptioii spectmm of II (0 0288 mM solution 
m absolute etlunol) is lepioduced m Fig 1 The band at 258 m/i (e = 
20,900) has tlie same centei of absoiption as the coiiespondmg bands of the 
bisphcnylhydrazones domed fiom I- and d-inositol (1) The other two 
bands of II at 308 m/i (« = 11,100) and 389 m/i (e = 17,700) are at slightly 
low er w a\ e-lengths tlian the conespondmg bands of the inositol derivatives 

Action of Periodic Acid on Compound II 

Total Consumption — The IIIO4 consumption was detenmned by treating 
20 cc poi tions (each containing about CO micromoles of the bisphenylhy- 
drazone in GO per cent ethanol) with 234 micromoles of periodic acid m 0 5 
cc of water at 100 m temperature for 1 houi (1, 7) The excess penodic 
acid was determined with 0 1 n sodium arsemte m the usual manner The 
average consumption (per mole of compound) of periodic acid was 2 1 
moles 

Rate of Periodic Acid Oxidation of Compounds II and IV — To 10 cc of an 
aqueous solution contammg 2 18 miciomoles of periodic acid and 0 5 cc of 
4 N sulfuric acid, 0 5 micromole of the bisphenylhydrazones m 0 5 cc of 
ethanol was added The reaction was stopped by the addition of 2 cc of a 
saturated solution of potassium bicarbonate and some sohd potassium 
iodide The excess periodic acid was determined m the customary manner 
with 0 01 N sodium arsemte wth the aid of a micrometric burette (8) The 
results are summarized m Table I 

We are mdebted to Miss R Rother for the microanalyses 


SUMMARY 

Pollownng the oxidation of d-quercitol (I) by restmg Acetobacter suboxy- 
dans, the a-bisphenylhydrazone (II) of a diketo quercitol was isolated and 
Its structure determined The lesults show that hydroxyl groups 2 and 3 
of d-quercitol, which are situated m polar planes, were oxidized This is m 
agreement ivith the previously stated rule for the m i ni m um steric reqmre- 
ments for the oxidation of inositols by Acetobacter suboxydans 
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EXPERIMENTALLY INDUCED CHANGES IN THE 
PROTHROMBIN LEVEL OF THE BLOOD 


1\ TUE IlEL VTION 01- VIT VMIN K DLEICIENCY TO THE INTENSITY 
or DICUMVROE VCTION AND TO THE EFFECT OF EXCESS 
VITVMIN V INTVKE, WITH V SIMPLIFIED METHOD 
FOR VII VMIN K V&SA\ * 

ULMVNDJ QUICK \\D MARIO STEFANINIt 

(From the Department of Dtuchemtitry, Marquette University School of 
Medicine, Miluatil ec) 


(Rcccucd for publication, June 11, 1948) 


^lany problems concerning piothiombm and vitamin K lequiie an ac- 
curate but relativelj’’ simple method foi assaying the lattei agent Most 
of the early methods ueie ciude, since they ueie based on the coagulation 
time uliich is only roughly related to the prothiombm concentration (1) 
Schoenheyder’s method (2), published m 1936, vas an exception, since he 
determined the piothiombm time mdiiectly by companng the amount of 
thromboplastin that had to be added to noimal and to avitaminotic plasma 
to produce the same coagulation time The method is empnical and sub- 
ject to serious errors, since it does not specifically measure prothiombm 
Nevertheless, it has m the hands of Dam and his associates yielded much 
valuable information 

Independently, Quick (3) devised an assay method foi vitamin K using 
as the basis his piothrombin time procedure He showed that 1 per cent 
alfalfa meal added to Almquist’s diet (4) was enough to protect chicks 
from hemoirhage, but 2 pei cent was lequned to lestore completely the 
prothrombin level Almquist and Klose (5) latei adopted the piothrombin 
time in their assay procedure but unfoitunately selected as their thrombo- 
plastm chicken breast muscle which has a relatively low activity and con- 
tains clotting factors othei than thromboplastin Stamler, Tidrick, and 
Warner (6) more recently have outlined a procedure which is highly sensi- 
tive and accurate, but has the disadvantage of dependmg on the two-stage 
prothrombin determination which is time-consummg and techmcally 

difficult 

To meet the needs for a practical and satisfactory method of assaymg 
vitamin K, a study was undei taken to devise a diet consistmg of constit- 
uents readily available commeicially, which vould obviate the need of 


Thm uork was supported by a grant from the Division of Research GraMs a ^ 
Fellowships of the National Institute of Health. United States Public Health Service 
t Department of Internal Medicine, University of Rome, present Senior Re- 
search Fellow, National Institute of Health, United States Public Health Service 
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long laborious e\ti action, and to outline a procedure based on the one- 
stage piothiombin method With the successful accomplishment of this 
task, seveial pioblems weie studied (1) the relative potency of menadione 
(2-methyl-l , 1-naphthoquinone) and natural vitamin Ki, (2) the speed with 
which prothrombin activity is lestored by vitamin K, (3) the influence of 
vitamin K on the effectiveness of dicumaiol, and (4) the effect of high 
vitamin A intake on the piothiombin level when a mmimal maintenance 
dose of vitamin K is given 


EXPERLMENTAL 

The diet which was found completely satisfactory, since it produced a 
high degree of hypoprothiombmemia m 10 days yet maintained satisfactory 
growth, consisted of casein^ 20 parts, bieweis’ yeast* 12 paits, ground rice 
67 parts, and salt muxture 1 part To 100 gm of this mi\ture, 1 cc of cod 
liver oil (U S P ) was added immediately before feeding The mnture 
was fed ad libitum The salt mixtme had the following composition cal 
cium carbonate 18 parts, sodium chloride 48 paits, copper sulfate 0 2 part, 
ferrous sulfate 1 4 paits, manganous sulfate 1 0 pait, and potassium 
chloride 1 4 parts 

Seveial varieties of chicks (white Leghorns, white Rock, etc ) were used 
with equally satisfactory results The newdy hatched chicks were placed 
in an electrically heated brooder wuth a wire mesh floor The drinking 
water contained 0 1 per cent benzoic acid to inhibit growth of bacteria 

Deteiimnalion of Prolhomhin Time 

Blood was collected from the wung vein wth a 1 cc syringe and a No 27 
needle The syiinge into w'hich 0 03 cc of 0 1 m sodium oxalate was put 
was chilled before use Approximately 0 3 cc of blood w'as diawm an 
immediately tiansfeired to a small test-tube immeised m an ice bath, an 
centiifuged Sufficient plasma wms usually obtained for two deteiimna 
tions The piothiombin tune was detei mined exactly as outline 7 
Quick (7) The thiomboplastm was piepaied fiom chicken brain 7 
diated with acetone , , 

The stock solutions of menadione and vitaimn Ki w'eie prepared as o 
lows For menadione, 0 2 gra of 2 -methyl- 1 , 4 -naphthoquinone was 
solved m 100 cc of alcohol (1 cc =2 mg ) For vitamin Ki, 0 
vitamin K (Meick) was dissolved m 100 cc of alcohol (1 cc - 
Both solutions were protected fioni light and kept in a refngerC' or 
prepare the woilung solution, 1 cc of the stock solution was 
an appropiiate amount of distilled w'ater, so that the concen la i 

1 Vitamin tested casein and brewers’ yeast obtained from Nutritional B 
cals Corporation, Cleveland, Ohio 
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such that the desiied amount to be admmisteied to a chick was contained 
m 0 1 to 0 5 cc On diluting the alcoholic solution of vitamm Ki, a milky 
suspension ^\as obtained, which was fiequently shaken to maintam a luu- 
form concentration The dilute aqueous solution was given orally to the 
chick by means of a serologic il pipette 

Comparison of Aclivity of Menadione and Natural Vitamin Ki 

To compare the relative potency of 2 -methyl-l ,4-naphthoqumone and 
vitamm Ki, chicks 1 d ly old vcie put on the vitamin K-free diet and given 
a fixed amount of the vitamin K pieparation daily It was found con- 
venient to work with five to six chicks m a gioup Blood was taken on 
the 10th or 11th day and analyzed foi piothiombm concentration The 
results are recorded in Table I 

It IS clear even fiom a casual inspection of results that the method is 
sensitive to changes of less than 0 5 7 of menadione Between 1 5 and 2 7 
per day are lequired to maintain a noimal lange of piothrombin in a chick 
durmg the first 10 days of life This finding is completely m agreement 
'vith the report of Stamlei el al (G) It is to be noted that there always 
appears to be good agreement between the one- and two-stage method m 
uncompheated vitamin K deficiency 

Little vitamin K is stored at the 2 7 level, foi on withdrawing the vita- 
min for 2 days a marked drop in prothrombin occurs Interestmg, but 
unexplainable, is the observation that the lowei the prothrombm the less 
pronounced is the relative fall aftei withdraw^al of the vitamin When 
more than 27 per day was given, stoiage occuiied and the piothiombm 
level remained normal for several days aftei withdiawal of vitamin K from 
the diet 

The minimal amount of natuial vitamm K lequiied to keep the pro- 
thrombm level normal is slightly moie than 2 5 7 Dam, Glavind, and 
Karrei ( 8 ) m their early studies found that natuial vitamin Ki was only 
one-half as potent as 2-methyl-l , 4 -naphthoqumone Since the molecular 
weight of natural vitamm Ki is 2 5 times that of menadione, it appears 
that the body utilizes only the methylnaphthoquinone part of t e ® 
cule, and therefore it is logical that a 2 5 1 ratio in activity shoul be o 
served Actually, natural vitamm Ki on a moleculai basis is somewhat 
more effective than menadione, piobably because it is less easily excreted 
and therefore is more completely utilized Either natural vitamm lOr 
menadione could be employed as a standard of reference, as suggested by 
Thayer and his associates (9) 

Speed of Utilization of Vitamin K 

Dam and his associates noted that vitamin Ki mjected mtravenously 
not immediately restore the prothrombin level, but required a 
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houis (10) Similai results were obtained in the present study ivith 2 
methyl-l , 1-naplithoquinone Intel estingly, a minimal effective dose is re 
quiied which is a little less than 5 y The speed of prothrombin produc 


Tvble I 


Rclalivc Potency of 3-^ielhyl 1 , i-naphlhoqiiinone and Natural Vitamin Ki 


CliKi No 

1 

2 

3 

4 

5 

Prothrombia time 

2 2^feUiyl 1 4>naphthoquiQOQe daily 

0 

OJy 

1 Ot 

13t 

20r 

see 

59 

100 

51 

55 

63 

sec 

15 

16 

14 

27 

25 

sec 

It 

11 

IS 

14 

15 

B 

■ 

Average at tiid of 11 






days* 

00 (1) 

20 (IS) 

15 (30) 

12 (60) 

11 (100) 

1 


24 

20 



2 


26 

20 


14 

3 


2S 

30 

18 

14 

‘ 


10 

21 

21 

14 

Aveiage it end of 13 






dayst 


31 (8) 

23) (11) 

19i (15) 

14 (40) 


Vitamin Ki dailj 


0 

125 7 

25y 

3 75 7 

50r 

1 

31 

13 



m 

2 

62 

10 



11 

3 

54 

IS 



Hi 

4 

47 

13J 




5 

55 

14 



11 

Average at end of 11 
days 

48 (5) 

15 (30) 

12 (60) 

11 (100) 

11 (100) 


* The figures in p irentlieses arc the calculated concentrations of prothrom 


per cent of normal 

t No vitamin K i\as administered after the 11th day 


tion IS not incieased by administeiing laigei doses Thus, the 
piothiombin activity after the injection of 10 y of menadione 
as when 5 y were given It is to be obseived (Fig 1) that t 
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vitamin K is slight dining the Ist hoin, then becomes accelerated, and is 
complete in 1 hoiiis If the leiclion is stoichiometiic, it can be concluded 



Fio 1 The prothrombin response to the intravenous injection of 2 methyl-1,4 
naphthoquinone in a chick suffering from vitamin K deficiency The dose injected 
was 5 y The response was of the same order i\ hen 10 y ere given 

Table II 

Counteracting Effect of 2 Mcthyl-l,i naphthoquinone and Vitamin Ki on Hypopio- 
throinbinemia Induced by Dicumarol 


Prothrombin time 


Dicumarol, per kg body 

vctghi ^ J 

2 Methyl 1,4-naphthoqumonc, i 
mitrograms 1 

Natural vitammKi, micrairomr 

20 

S 

20 

1 

20 

5 

20 

2 5 

20 



see 

S€C 

see 

see 

sec 

see 

Chick 1 

13 

32 

25 

45 

45 

35 

“ 2 

16 

28 

28 

25 

74 

68 

“ 3 

13 

40 

25 

63 

71 

51 

“ 4 

12J 

36 

25 

44 

85 

87 

“ 5 

lU 

34 

27 

39 

95 

55 

Average* 

13 (50) 

34 (7) 

26 (10) 

43 (5) 

74 (3) 

59 (4) 


* The figures in parentheses represent the concentration of prothrombin in per 
cent of normal 


that the prothrombin m 1 cc of blood requires approximately 1 t of the 
methylnaphthoquinone radical, 
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Injhience of V^tamtn K on Action of Dicimarol 

Consideiable evidence has been obtained fiom animal and clinical studies 
that both natuial and synthetic vitamin K counteract the action of di 
cumaiol (11) By using chicks on a conti oiled diet, the action of dicumarol 
can be satisfaotoiily studied in relation to vitamm K 
From the lesults lecorded in Table II it can be seen that chicks on a 
vitamin Iv-fieo diet are moie susceptible to the action of dicumarol than 

Tabll III 


Injhunce of Hypenitaminosts 1 on Prothrombin Leiel of Chicks Maintained on 

Controlled Vitamin K Intake 




Prothrombin time 


m 

Chick No 

Vitamin A unita daily 

50 000 

50 000 

20 000 

10.000 



1 

sec 

sec 

sec 

sec 


1 

10} 

11 

11 

10} 

12} 

Each chick re 

■) 

9i 

10 

12} 

11 

9} 

cened 1 5 t 2 

3 

10} 

11} 

11} 

12 

10} 

meth)I 1|1 

-1 

n 

9} 

12 

12} 

10} 

naphthoquin 

0 

11 

10} 

11 

11 

13 

one daily 

Aver igo* 

10} (100) 

10} (100) 

12 (60) 

11} (70) 

11 (SO) 


1 

14 

19 

13 

12} 

12} 

Eacli chick re 

2 

13 

12 

12 

18 

17 

ceived 2 5 y 

3 

15 

15} 

12} 


20 

vitamin Ki 

4 

19 

12 

20 

19 

15 

daily 

5 

17 

13} 

13} 

13 

14 


Average* 

15} (28) 

14} (35) 

14 (40) 

16 (25) 

15} (28) 



* The figures ui parentheses represent the concentration of prothrombin in p 


cent of normal 

those leceivmg eithei the natuial oi synthetic vitamm 
evei, even with the large dose of dicumaiol, 20 mg pei Inlo of bo y w 
the prothiombm decrease is not gi eater than in dogs on a norma ® 
receiving a smallei dose of dicumaiol The lesistance of hens o ® ^ 

has been noted previously (12) The larger the dose o ^ 

1 , 4 -naphthoquinone, the less marked the bypopiothrombm „ 
cumarol There appears to be no marked difference action 

ness of menadione and natural vitamin Ki m counterac g 
of dicumarol m chicks 
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Effccliiuicss of Vilamui K When an Excessive Amount of Vitamin A 

Is Administci ed 

Light, .Ubcher, and Fioj’’ (12) observed that vhen rats were fed large 
doses of Vitamin A (35,000 to 10,000 units per day) a marked fall m pro- 
thrombin occurred which could be pi evented by administering natural 
vitamm Ki These lesults have been confirmed by Walker, Eylenburg, 
and Moore (13), who found synthetic vitamin Ki lil^ewise counteracted 
the hypoprothrombinenuc eflect of vitamm A Maddock, Wolbach, and 
Jensen also have reported on hjTiopiothrombinemia followmg hyper- 
vitaminosis A (11) 

The action of vitamin A m producing hjTJopiothiombinemia is not under- 
stood Whether it inhibits the synthesis of vitamin K by the intestmal 
flora or interferes m the absorption oi utihzation of vitamin K cannot be 
determined by using lats which noimally depend on bacterial action for 
part of their vitamm Iv leQUirement By employing chicles on a vitamm 
K-free diet and giving them a daily amount of vitamin K which is shghtly 
less than the dose needed to maintain the piothrombm level normal, the 
eflect of e\cessive doses of vitamm A can readily be determined It wall 
be observed (Table III) that even large doses of vitamm A had no demon- 
strable effect on the pi othiombm tune In the chick, therefore, vitamm A 
does not mterfere either w'lth the absorption or utilization of vitanain K 
Since the chick is dependent entirely on the fixed amount of the subnormal 
dose of vitamm K administered, any action of vitamm A would readily be 
reflected m the prothrombin level Thus it seems probable that the hypo- 
prothrombmemic action of vitamm A in the rat is likely to be due to its 
interference m the synthesis of vitamm K by the intestinal flora 


SUMMARY 

1 A simple vitamm K-free diet which produces a marked hypopro- 
thrombmenua m newly hatched chicks is described 

2 A method for vitamin K assay is outhned 

3 It was found that 1 5 to 2 t of 2-methyl-l,4-naphthoquinone or a 
little more than 2 5 7 of natural vitamm Ki per day are lequiied to main- 
tain the prothrombin level of a chick dunng the first 10 days of life 

4 On mjectmg menadione intravenously into markedly deficient c ic , 

the prothrombin activity returns slowly at first, then piogres^ve y 
rapidly, and becomes normal after 4 hours The size of ose eyon 
ttnnimal effective dose does not mfluence the speed of recovery 0 pr 
thrombin activity , 1 

.5 The susceptibility of the chick to the action of dicumarol is increase 
by removal of vitamin K from the diet Addition of vitamm K counte - 
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acts the hypopiothiombmemic effect of dicumarol No marked difference 
m effectiveness boti\een natuial vitamin Ki and menadione could be 
demonstiated 

6 E\cessive intalce of vitamin A, which causes a hypoprothrombmemia 
in rats, has no effect on the prothiombin level of chicks receivmg syn- 
thetic or natural vitamin Ki m doses slightly less than that required for 
maintaining the prothrombin concentiation completely normal 
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STUDIES ON THE POSSIBLE MULTIPLE NATURE 
OF DEHYDROPEPTIDASE I 


JESSL P GRDENSIEIN, VINCENT E PRICE, and 
FLORENCE M LEUTHARDT 

(From Ihc Xaltoiial Cancer Imlilutc, Xalional Instilule of Health, Belhesda, 

Maryland) 

(Rcceucil for publication, June S, 1948) 

Dehydiopepticlaie I ib tlic dcbignation which has been given the enzyme 
in animal and plant tissues which hydiolyzes glycyldehydroalanme (l—I) 
A purified pieparation of an enzyme with a high activity tow^aid this sub- 
strate has been obtained by Shack from beef kidney * Inasmuch as glycyl- 
dehydrophenylalanine and oL-alanyldehydi oalanme aie also hydiolyzed by 
tissue extracts (3) and by the puiified enzyme,^ the pioblem arises as to 
whether all three substrates are hydiolyzed by the same enzyme whose 
basic specificity requiiements involve an a-nitiogen atom adjacent to the 
dehydropeptide bond 

The present communication desciibes certain experiments which bear on 
this problem, and includes the synthesis of ceitain new dehydiopeptides 


LXPLRIMENTAL 


Dii-Alanyldehydrophenylalanme was prepaied by the general procedure 
developed by Beigmann and cowoikeis (5), which involves the hydrolysis 
of the azlactone formed fiom a-chloioacylated phenylserme The N- 
methyl derivatives of alanyldehydrophenylalamne and of glycyldehydro- 
phenylalanine w'ere prepared by treating the respective chloio derivatives 
with cold methylamine A low temperature was employed to avoid the 
possibility of addition of methylamine to the double bond of the dehydro- 


peptide (4) 

dl-Chloropropionylphenylserme — df-Chloiopiopionyl chloride was pie 
pared by treating 100 gm of dZ-chloropropiomc acid with 200 gm of thionyl 
chlonde The mixture was boiled f oi 3 houi s under a i eflux condenser with 
careful exclusion of moisture At the end of this period the mixture was 
fractionated by distillation tn vacuo, and that fraction taken w c oi e 

at 40-45° under 25 mm pressure , ,, j o nt nn 

100 gm of phenylserme were dissolved in 250 cc of c e n 4 a , 
and with further chilling 76 gm ofd/-chloiopropionyl cliloiideand4UU cc o 
2 N NaOH were added alternately and with shaking At the end of the re- 
action, concentrated HCl was slowly added to the mixture to pH 2 0 - 


1 Shack, J , peraonal communication 
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dense white oil appeared which rapidly hardened to a granular mass The 
product was washed at the pump several times with cold water, and crys- 
tallized from CO pel cent alcohol in the form of stout prisms The yield 
was 68 gm , and the matenal melted sharply at ICl' 

C„H„0«NC1 Calculated, N 5 2, Cl 13 1, found. N 5 3. Cl 13 1 

dl-Chloropropionyldehydrophenylalamne — 50 gm of lecrystallized and 
thoroughly dried chloropropionylphenylseiine were suspended m 500 cc of 
acetic anhydiide and the mixture kept m a boiling water bath for 3 hours 
After about \ houi complete solution had occurred, and with further heat- 
ing the color changed from yellow to a biowmish red The solution uas 
cooled, and with caieful exclusion of moisture evaporated tn vacuo to a thick 
led syrup No crystals of the azlactone appeared aftei several hours of 
chilling, and therefore the entiie syrupy mass was subjected to a hydro 
lytic piocedure without puiihcation The symp ^\as taken up in 250 co 
of acetone, tieated with 125 cc of water, and the turbid mrxture boiled 
under the reflux for 2 hours After 1 hour of boiling, a clear, red solution 
resulted The solution was cooled and exti acted twice with Iigroin Much 
of the color u ent into the ligi oin layer, and the product crystalhzed quickly 
from the aqueous layer The pioduct was filtered off and washed several 
times with vatei It \\a3 lecrystalhzed from acetone and appeared in 
tufts of long needles The crystalline material was filtered at the pump 
and washed with dry ether, which served to remove the last trace of color 
The yield was 20 gm , and the meltmg point was 207® 

C:.H,aO,NCl Calculated, N 5 6, Cl 14 0, found, N 5 7, Cl 13 7 

X}Tu-Alanyldehydi ophenylalamne — 10 gm of DL-chloropropionyldebydro- 
phenylalanine wei e dissolved in 100 cc of ammonia water which had been 
saturated at 5® Aftei stancbng for 3 days at 25°, the solution was evap^ 
rated ni vacuo to dryness, the pioduct dissolved m the mimmum amoun 
of hot watei, and the hot aqueous solution filtered and treated wit an 
excess of hot absolute alcohol On chilling for several hours, the ° 
peptide crystallized m the f oi m of long needles The yield was 4 ^ ® 

compound began to darken at 200®, but did not melt up to 230 

Ci-HuOiN- Calculated C 61 5, H 5 9, N 11 9 
Found “ 60 9, “ 5 6, “ II 4 

N-Metliyl-J}i>-alanyldehydi ophenylalanine — 10 gm of DL-ohloropropwny 
dehydiophenylalanme weie dissolved m 100 cc of chilled 25 pei cen 
ylamine solution in watei, and the mcxture kept at 5° for 3 ^ 

mixture was evapoiated %7i vacuo to dryness, the product 
iT unimiim amount of hot watei , and the hot aqueous solution er 
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treited with an cxcetb of hot absolute alcohol The product appeared 
very slowly on chilling and separated aftei seveial days in the foim of long 
needles ^Vftcr the mothei liquor w’as woiked up and the fiactions com- 
bined, the yield w as 3 gm The melting point was 200° wuth decomposition 

Ci,IInO,N Calculated C 02 9, 11 6 4, N 11 3 
lound “ 62 5, “ 0 0, “ 11 4 

N-Methylgbjcyldchydrophcivjlalamnc — ^This compound was obtained by 
the same procedure as meth 3 dalanyldehydrophenylalanme, except that 
chloroacetjddehj'drophenylalanme (6) was employed Fiom 10 gm of 
starting material, 2 5 gm of lecrystalhzed pioduct in the form of needles 
were obtained The melting point was 185° with decomposition 

CdculatcJ C 61 6, H 5 9, N 11 9 
Found “ 01 5, “ 6 0, “ 11 9 

Chloroacclyl-'Di.-alanyldehydioalamne — 5 gm of DL-alanyldehydioalamne 
(3) were dissolved in 20 cc of chilled 2 n NaOH and with furthei chillmg 
treated alternately in small poi tions wuth 5 gm of chloroacetyl chloride and 
30 cc of 2 N NaOII At the end of the reaction, the mixtuie was acidified 
With 5 N HCl to a Congo blue reaction and evaporated tn vacuo to approxi- 
mately half the volume The product separated on chilling It was le- 
crystalhzed from hot water, m p 132° There was no evidence of crystal 
water 

CsHjiO.NjCl Calculated C 40 9, H 4 7, N 11 9, Cl 15 1 
Found » 40 3, “ 4 6, “ 118, 15 2 

Chloroacelxjlglycyldehijdroalamne and Glycylghjcyldehydroalanine {Cor- 
reclion) — ^The synthesis and enzymatic susceptibility of these compounds 
have been reported (4) Because of certain inconsistencies which develops 
later as a result of the use of new substiates, it was decided to reexamine 
our earhei material We noted that the compound referred to as chloro- 
acetylglycylclehydroalamne was contammated mth glycyldehydroalamne 
hydrochloiide, which lenders invalid the enzymatic data obtained, as well 
as the subsequent ammation procedure We are unable to explain t e 
manner of this contamination, which is unique in oui experience eex 
ammation of aU of our other chloroacylated dehydropeptides failed to re- 
veal any admixture with the hydrochloride of the starting materia , or, or 
that matter, with any significant amount of impurity Care u ^ 
of the synthesis described (4) yielded a product which, after recrystallization 

from water as long prisms, showed no presence of inorganic c on e p 

163° With decomposition 

CtHjiOiNjCI Calculated N 12 7, Cl 16 1 
Found “ 12 7, 15 9 
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Amination m the mannei de&cubed (4) led to the prepaiation of glycyl 
glycyldehydioalanme which appealed fiom watei -alcohol mcrtuies as flat 
prisms IVI p 214° with decomposition 

CtHhOiNj Calculnted C 11 S, 11 5 5, N 20 9 
Found “ 11 S, “ 5 6, “ 20 7 

Other Subsliales — Chloioacetylglycyldehydrophenylalanme and glycyl 
glycyldehydiophenylalanine weie piepaied by the method of Bergmann 
and Schleich (b) The melting point of the fomei compound was 210°, 
that of the lattei was 216° with decomposition The preparation of the 
othei dehydi opeptides has been described (1-4) .Vll substrates were stable 
m water and in the piesence of boiled tissue prepaiations 

UUraviolel Absoiplion Spectra of Dehydropeptides — ^The absorption curves 
of alanyldehydrophenylalaiiine, methylalanyldehydiophenylalanine, and 
methylglycyldehydiophenylalanine aie jiractically congiiient with each 
other and with those of the dehydrophenylalanyl peptides leported earlier 
(3) Foi all compounds of this class, theie is a charactenstic absorption 
with a maximum at 2750 A The molai extinction coefficient at this wave 
length IS 14,900 for the thiee compounds dissolved m water For chloro 
pi opionyldehydi ophenyhlanme and chloi oacetylglycyldehydrophenylala 
nine bi ought into aqueous solution at pH 7 2 by addition of dilute NaOH, 
the molai extinction coefficient is 15,220, while foi glycylglycyldehydro- 
phenylalanme it is 14,400 

The absoiption curves foi chloi oacetylalanyldehydroalanme, chloro 
acetylglycyldehydroalanme, and glycylglycyldehydroalanme are practic^y 
congruent with those foi chloi oacetyldehydioalamne and glycyldehydro- 
alanme (3), wnth a maximum at 2400 A and a molar extinction coefEcien 
of blOO 

Enzymahe Hydiolysis of Substrates — The hydiolysis of the dehydropep 
tides (1-4) was measuied as heietofore by the rate of appearance o aro 
monia N at 37° above the conti ols The digests consisted of 1 cc of fr 3 
piepaied aqueous zat tissue extiact plus 2 cc of 0 15 m boiate b^er a 
pH 8 1, plus 1 cc of eithei w'atei oi 0 025 m substrate solution (0 
the case of lacemic substiates) The activity is expressed as 
X 10 substrate hydiolyzed pei houi pei mg of total N m 
Since 1 atom of ammonia N is derived from the hydiolysis of one e y^^^^ 
peptide bond, the data lefei directly to the splitting of the substia ® 
ammonia measuied m digests of the oL-alanyl dehydi opeptides 
rived from oxidase activity, since identical results weie hours, 

anaei obic and aei obic conditions No digestion lasted longer t an J 
and most weie 1 houi oi less m duiation All solutions of c or 
substrates were bi ought to pH 7 0 with dilute NaOH before use 
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The libsucs were fic'-hly leinoved fiom rats saciificed by decapitation 
Several hepatoma implcs, don itcd by Di J \Vhite, were used These 
i\ere primary tumors, obt lined fiom Osboine-AIcndel rats as a result of 
feeding j; dimethjd iminoazobciizene Necrotic areas of the tumor were 
carefully dissected and disc irded Values obtained with different samples 
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rnzumalic llytlrohjsis of Various Dchydropcplidcs 


Micromoles X 10 substrate hydrolyzed per hr per 
ms N with 


Substrate 


GljC3ltlelijtlroal iniiic 
Methj Iglj cj Idehj tiro ilaiiinct 
Chloroacctylglj cj hlehydroalamnc 
Chloroacetyl X-inclhj Iglycj Idchydro 
alanine 

Gljcylglycyldehjdroalamne 
DL Alanyldehydroalaninc 
Chloroacetyl dl alanyldehjdroalaninef 
Glyoyldehydrophenj lalaninc 
N Methylglycyldehydrophenylalaninet 
Chloroacetylglycyldehydrophenylalanme 
GlycylglycyldehydrophonjHlaiune 
DL Alanj Idehydropheny lalaninot 
N Methj 1 UL alanyldehydrophcnylalan- 

inef 


Kidney* 

Pan 

creas 

Spleen 

Brain 

Liv er 

Hepa 

toma 

1020 

530 

331 

72 

60 

380 

800 

280 

166 

30 

25 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1040 

400 

210 

30 

22 

166 

1350 

722 

410 

220 

52 

1250 

85 

63 

54 

30 

26 

21 

520 

132 

23 

0 

12 

0 

ISO 

32 

12 

0 

6 

0 

0 

0 

0 

0 

0 

0 

412 

88 

30 

0 

12 

0 

220 

32 

14 

0 

8 

0 

140 

12 

6 

0 

5 

0 


* DL Chloropropionyldehydrophcnylalamne is not hydroljzed 
t These compounds are hydrolyzed by the purified dehydropeptidase prepara ion 
from beef kidney, w ith rate values of 2600 to 4800 micromoles of substrate hydrolyzea 


per hour per mg of nitrogen 

t Unlike alanyldehydroalanine (3), this substrate is 
serum, or by the purified dehydropeptidase I preparation 
Dote 1 in the text) 


not hydrolyzed by human 
from beef kidney (see foot- 


of the tumoi agreed within 20 per cent A few experiments 
'vith a punfied dehydropeptidase I preparation donated by Dr bhack 
Data on the various substrates aie given m Table I, an , o ac i a e 
comparison, eailier data on glycyldehydioalanme, glycy e y op eny 
iilamne, and alanyldehydroalanine in normal tissues ^ ^ , 

Certain facts emerge fi om the data obtained so far (a) The peptides of 
tiehydroalanine are generally more susceptible substrates than the Peptide 
of dehydiophenylalanme (5) Chloroacetylation of gfycyldehyjoalamne 
or glycyldehydiophenylalamne removes the suscepti y o , 

pounds to dehydropeptidase action but not that of nn-alanyldehydroa 
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nine - (c) Amination of the chloioacetylglycine dehydropeptides restores 
the enzymatic susceptibility, as in glycylglycyldehydroalamne and glycyl 
glycyldehydi ophenylalanme “ (d) The N-methylated dehydropeptides are 
generally hydrolyzed at a slower rate than the unsubstituted parent com- 
pounds (e) AVlien rat hver becomes cancerous, z e is transformed mto a 
hepatoma, the rate of hydrolysis of glycyldehydroalanme increases some 6 
fold, that of alanyldehydroalanme increases some 20-fold, while that of N 



Fia 1 pH activity curves for chloroacctylilehydroalanine (•) and glyoy ^ y 
droalanmo (h) m rat liver extracts, and glycyldehydroalanme (X) m rat 
extracts Extract concentrations were suitably prepared Buffers below p 
were veronal acetate, above pH S 0, glycine-NaOH 

methylglycyldehydi oalanme decreases and that of all of the peptides of 
dehydi ophenylalanme piactically distppeais (a property shared by 
Table I) The high level of activity tow aid certain aliphatic de y r 

- The explanation for the enzymatic resistance of chloroacetylglycnie 
tides and the susceptibility of glycylgly cine dehydropeptides and o m 

DL alanyldehydroalanme may be connected, on the one hand, iiith t a ^„gliloro 
tissue extracts of an enzyme capable of hydrolyzing the peptide bond e " ee 
acetic acid and glycine, and, on the other hand, mth the presence 
extracts of active enzymes capable of rapidly hydrolyzing glycylglyo'oa ^ 

acetyl-DL-alanine The hydrolysis of glycylglycyldehydroalamne . (j^oiy 

glycyldehydrophenylalanine at the dehydropeptide bond is and the 

SIS of the saturated peptide bond (c/ also (6)) The relation of the pep 
dehydropeptidases will be the subject of a future communication y 

{cf m 
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peptides IS noted not only m the lat hepatoma but m all tumors studied 
(c/ (2, 7)) ’ 

Susccplibihtij of Dchydi opeplidcs j'ls Funclion of pH — The pH at which 
ma\imum hydrolysis of glj'cyldehydroalanine' and glycyldehydrophenyl- 
alanine (8) occuis with pinified kidney pieparations is 8 0, wheieas that of 



5 6 7 8 9 10 



Fig 2 pH-activity curves for dl alanyldehydroalanme (X) and for chloroacetyl- 
“L alanyldehydroalanine (•) m rat liver digests 0 050 m concentration of sub- 
strates was used 


chloroacetyldehydroalanine is at 9 0 * Substantially similar pH-activity 
curves, respectively, have been obtained for glycyldehydroalanme and 

’We have investigated a wide variety of primary and transplanted tumors in 
experimental animals, including mammary adenocarcinomas, fibrosarcomas, me a- 
“omas, and epitheliomas, and invariably noted the ability of these tissues to hydro- 
yze alanyldehydroalanme at a rate approximating that of the normal kidney ut no 
apparent ability to attack peptides of dehydrophenylalanme Although our obser- 
vations have been limited so far to tumors in laboratory animals, ve are inclined to 
believe that the extraordinary ability of such tumors to hydrolyze alanyldehydroala- 
aine at a rate close to that of the most active normal tissue is as character^tic a 
property of cancer tissues as are their glycolytic behavior and low o\i ase ac ivi y 
bese findings will be discussed in detail elsewhere 
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chloioacetyldehyclroalumnc Mhen incubated witli rat liver evtiacts (Fig 1) 
The optimum susceptibility of giycyldehydroalanine in hepatoma digests 
IS the same as in normal livei digests The pH-activity cun^e of DL-alanyl- 
dehydroalamne lesembles that of giycyldehydroalanine and glycyldehydro- 
phenylalanine (lelatively sharp optimum at pH 8 0), wheieas the curve for 
cliloioacetyl-DL-alanyldehydroalanine resembles that of chloroacetyldehy- 
dioalanine (maximum at pFI 9 0) (Fig 2) 

The pH-activity curves in Fig 3, performed uith rat kidney extracts, 
leveal an optimum at pH 8 0 foi glycylglycyldehydroalanine, DL-alanyl- 
dehydrophenylalanine, N-methyl-DL-alanyldehydrophenylalanine, and N 



Fig 3 _ 

alanine (O), dl alanyldehydrophcnyJalanii.t ^ - - 

alanine (B), methylglycyldehydroalanine (•), glj cylgb Oi Idelij drophen> a amn 
(□), and glycylglycyldeliydroalaninc (A) 

methylglycyldehydioalanme, and an optimum at pH 8 8 for glycylglycyl 

dehydrophenylalanineandN-methylglycyldehydiophenylalanine 

The position of the vaiious pH-activity curves m Figs 1 to 3 does no 
reflect the relative susceptibility of the substiates, foi the extracts in eac^ 
case were suitably diluted so that initial leaction lates were obtame o 
the pH range studied 


DISCUSSION 

The pH-actmty cui-ves desciibmg the susceptibihty of the 
tides appeal to fall mto three more oi less chaiacteristic 
with a relatively sharp optimum at pH 8 0, including glycyme y 
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melhylgl} cyUlehydi o il iiuno, gli'cyklchydiophenylalanme, alanyldehydio- 
alaninc, gljcylglycjldcliydiod mine, alanyldehydiophenylalanine, and 
methyl danyldeIijdiophcn>l damne, (b) those with a lelatively broad zone 
between pll G iiidSS, witli m optimum it pH 8 8, including glycylglycyl- 
dehydrophenylalanme iiid mcthjdglycjddehydrophenylalanme, and (c) 
those w'lth a relatively bioad zone between pH 7 and 9, w'lth an optimum 
at pH 9 0, including chloioicctyldehydioalanme and chloioacetylalanylde- 
hydroalanine (Figs I to 3) 

It does not appeal entirely piobable that glycylglycyldehydrophenyl- 
alanine is hydrolyzed bj' the same enzyme system as is glycylglycyldehydro- 
alanine, noi methylglycyldeh} diophenylalanme by the same system which 
hydrolyzes methj Iglycyldehydio damne 

The fiist indic ition that the enzymes concerned with the hydiolysis of 
glycyldehydroalanme and glycyldehydrophenylalamne may be diffeient is 
deru'ed from the obseiv'ation that Shack’s pieparation of dehydiopepti- 
dase II possesses a small but definite capacity to hydiolyze the foianei sub- 
stiate but no capacity to hydiolyze the latter substrate ^ 

Perhaps the most stiikmg distinction m the enzymatic actions studied is 
illustrated by the differences in hydiolysis of the substrates m hvei and m 
hepatoma (Table I) The marked diveigence in susceptibility of the sub- 
strates as a result of the malignant tiansfoimation of the livei appeals to 
set off (a) the enzyme systems which act on the aliphatic from those w'hich 
act on the aromatic dehydiopep tides, and (b) the system oi systems which 
act upon N-methylated glycyldeliydioalanine from those which act upon 
the unsubstituted paient compound In suggesting that these systems are 
distributed diffeiently in liver and hepatoma, the tacit assumption is made 
that the enzyme which attacks glycyldehydroalanme in hvei, foi example, 
IS qualitatively the same as that which attacks this siibstiate in the 
hepatoma (c/ Fig 1) 

From the present evidence, therefore, it would appear that the number 
of dehydropeptidases may be more than the tw'o designated as I and II 
respectively (1—3) For convenience and consistency, the designations of 
dehydropeptidase I and II have been retained, I lefeiimg to a possible 
seiies of enzymes which attack dehychopep tides containing a nitrogen atom 
ui the a position to the dehydropeptide bond, II referring to the enzjroe 
or enzymes which attack dehydropeptides lacking the a-mtrogen atom (4) 
On this basis, dehydropeptidase I may be subdivided into activities con- 
cerned (a) with glycyldehydioalanine, (b) with alanyldehydroalanme, (c) 
"'th dipeptides of dehydrophenylalanine, and (d) with N-methy ammo c e 
hydiopeptides These four categories of substrates are all hydrolyzed by 
the puufied enzyme preparation of Shack ^ Since this preparation is par- 
ticulate in nature, further fractionation might conceivab ye cu 
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The difference m the pH-activity cuiTes for methylglycyldehydroalanme 
and for methylglycyldehydiophenylalanine (Fig 3) suggests that perhaps 
(d) may be furthei subdivided Foi the time being, the distribution in 
various tissue prepaiations of the capacity to hydiolyze these four mam 
categories of dehydropeptides remains the chief clue to the possible multiple 
nature of dehydropeptidase I 


SUALMAHY 

DL-AlanyIdehydrophenylalanme, N-methyl-DL-alanyldehydrophenylala- 
nine, N-methylglycyldehydi ophenylalanine, chloi oacetyl-DL-alanyldehy- 
droalanine, chloroacetylglycyldehydroalanme, and glycylglycyldehydro- 
alanine were synthesized, and together with other dehydropeptides 
pieviously described investigated m digests uith various rat tissues 

Although chloroacetylalanyldehydroalanine is hydiolyzed by all tissues 
studied, chloroacetylglycyldehydroalanine and cbloroacetylglycyldehydro- 
phenylalanine aie lesistant Amination of the last two compounds to the 
corresponding glycyl derivatives restores susceptibility to enzymatic action 
N-Methylated dehydropeptides are hydrolyzed at a slower late than the 
parent, unsubstituted compounds 

The rates of hydrolysis of glycyldehydroalamne and of alanyldehydro- 
alanine by the rat hepatoma are, respectively, about 6-fold and 20-fold 
that of normal liver Neithei hepatoma noi biain appears to have any 
capacity to hydrolyze peptides of dehydi ophenylalamne The capacity of 
liver to hydrolyze N-methylglycyldehydroalanme diminishes when this 
tissue becomes neoplastic 

The pH-activity functions of the vaiious dehydropeptides in digests of 
rat liver and kidney were determined and appeared to involve loughly 
three categories of substrates with optimum susceptibilities at pH 8 0, 8 8, 
and 9 0 

The possible multiple natuie of dehydi opeptidase I is discussed 
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DERIVATIVES OF a,a-DI(GLYCYLAMINO)PROPIONIC ACID 

Br JESSE P GREENSTEIN and VINCENT E PRICE 

(From Ihc National Cancer Institute, National Institute of Health, Bethesda, 

Maryland) 

(Received for publication, June 8, 1948) 

“)“-Di(glycylumiiio)piopiouic atid hydrochloude, (NH 2 CH 2 CONH) 2 C- 
(CH3)C00H HCl, 13 enzymatically hydiolyzed in aqueous extiacts of rat 
kidney to yield, as a maximum, 1 mole of ammoma and 1 mole of pyruvic 
acid pel mole of substrate (1) a-(df-Chloropiopionylammo)-a-(DL-alanyl- 
ammo)propionic acid and a,a-di(DL-alanylamino)piopiomc acid hydrochlo- 
nde aie also hydiolyzed by rat kidney, the foimei substiate yielding a molar 
ratio of ammonia to pyi uvic acid close to unity, the latter a ratio close to 
1 6 (2) On the other hand, a,a-di(acetamino)piopionic acid, Q:,a-di(chlo- 
roacetylamino)propionic acid, and <a:,a-di(dZ-chIoropropionylammo)pro- 
pionic acid aie completely resistant (1, 2) 

Investigations on this novel class of substances have been earned further 
by obseiving whether theie is any i elation between the integrity of the 
a-amino groups of di(glycylamino)piopionic acid and susceptibility to en- 
zymatic attack by a variety of lat tissues Several new derivatives of di- 
(glycylamino)propionic acid have been synthesized 

EXPERIMENTAL 

<^)Oc-Di(N-methyIglT/cylanuno)p7opiontc Acid Hydrochloride 10 gm of 
“)Q!-di(chloroacetylammo)piopiouic acid (1) were dissolved m 100 cc of a 
25 per cent aqueous solution of methylamine, and the solution kept at 40 
for 2 days On evaporation in vacuo a yellow oil was obtained, which, on 
being shaken with absolute alcohol for several houis, yielded a mass of fine 
white crystals The mateiial was filtered at the pump, dissolved m hot 
water, and reciystallized by the cautious addition of hot alcohol The 
product crystallized m tufts of long needles M p 215° with decomposi- 
tion, yield 3 5 gm 

CjHisOiNi HCl Calculated C 38 2 , H 6 8, N 19 8 , Cl (ionic) 12 5 
Found “ 38 0, “ 6 4, “19 9, “ 12 1 

'^>^~Di{H-dimelhylglycylamino)propionic Acid Hydrochloride The 
aiation of this product followed essentially the same procedure as that de- 
scribed for the monomethyl derivative above, except that a 25 per cent 
aqueous solution of dimethylamme was employed The product crj^stal- 
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lized m the form of long needles M p 219® with decomposition, yield 
5 2 gm 


CnHjs 04 N 4 HCl Calculated C 42 5, H 7 4, N IS 0, Cl (lomc) 11 4 
Found “ 11 8, II 7 3, “ 17 7, “ “ 11 2 


a ,a-Dt(chloroacelylghjc!jlammQ)pi opiomc Acid — 20 gm of a,a-di(glycyl- 
ammo)piopionic acid hydrochloiide (1) were dissolved m 100 cc of chilled 
2 N NaOH and, with fui ther cooling, treated alternately and with shaking 
with 30 gm of chloroacetyl chloride and 200 cc of 2 n NaOH At the end 
of the reaction the mixtuiewas tieatedtvith 5 n HCl to pH 2 0, filtered, 
and evaporated m lacxio to drjmess The lesidue was eKtracted with hot 
acetone and filtered To the cooled filtiate ethyl acetate was added drop- 
wise The first oilj' precipitate was discarded, and with fuithei addition 
of ethyl acetate a yellowish, gianulai precipitate appeared The matenal 
was filtered off and washed several times with dry ether, which lemoved 
the last ti aces of coloi The pi oduct w'as i edissolved m acetone and treated 
again with ethyl acetate Repetition of this procedure yielded 12 gm of 
a wdiite, pow'dery product w Inch possessed no definite crystal form, m p 98° 


CuHuOjNiClj CTlcul ktcd C 35 0, H 1 3, N 15 1, Cl 19 1 
Found " 35 7, " 4 4, “ 14 4, “ IS 1 

a,a-Di(glycylglycylamino)propiomc Acid Hydrochloride — -2 gm of di- 
(chloioacetylglycylamino)pi opiomc acid were dissolved in 40 cc of 28 per 
cent ammonia and kept in a sealed flask for 3b liouis at 40° At the end 
of this period the solution w'as evapoiated at 20° to dryness, and the residue 
washed seveial times wnth alcohol to remove ammonium chloride The 
compound wms then taken up several times in the minimum amount o 
water and precipitated each time with an excess of absolute alcohol i 
white pow'der was finally obtained which had no definite crystal form 
Yield 1 1 gm , m p lb4® w’lth decomposition 


Cull oOsN. HCl Calculated N 22 7, Cl (ionic) 9 b 
Found “ 21 9, “ “93 

The enzymatic susceptibility of the di(acylamino)propionic acids was 
tested m the manner desciibed (1, 2) All substiates w'eie stable 
ous solution and in the presence of boiled tissue piepaiations The ige ^ 
consisted of 1 cc of fieshly piepaied aqueous rat tissue extract, ^ ° , 

luc borate buffei at pH 8 1, and 1 cc of either water oi 0 025 m su s ra 
solution The extracts weie prepaied by giindmg the tissues wi c e 
sand and homogenizing with distilled water, followed by light cen r 
tion The late at w'hich ammonia and pyiuvic acid appeaie over 
of the controls, during the penod when such a rate was nearly 
taken as a measure of enzymatic activity 1 mole of ^ 

per mole of substrate hydrolyzed (1) The temperature of digesuo 
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37® Solutions of di(cliloro icotylglycylamino)piopiomc acid weie brought 
to pH 7 0 with dilute NaOII before addition to the digests The data are 
given in Table I 


DISCUSSION 

Di(glycylamino)piopionic atid, in effect, may be considered as glycylde- 
hydroalanine to w Inch a mole of glycmamide has been added at the double 
bond (1) For this reason, and because the participation of dehydropepti- 
dase has been suspected in the enzymatic degiadation of the di(acylammo)- 
propionic acids (1, 2), a comparison of the susceptibility of analogously 


Tvble I 

Fn-ymalic Hydrolysis of Di (glycylaintno)propiomc Acid and Derivalives in Ral 

Tissue extracts 


Substrate 

Micromoles X 10 ommoma N evolved per hr per 
mg total N in extract of 

Kidney 

Pan 

creas 

Spleen 

Brain 

Liver 

Hepa 

toma* 

a, a Di(gIycjlanuno)propionic ncidf 

50 

15 

8 

3 

2 

5 

“itt Di(N methylglyo>lumino)propiomc 

acidf 

24 

8 

3 

1 

1 

0 

a, a Di(N dimethyIgLcjlamino)propionic 

0 

0 

0 

0 

0 

0 

ar,o Di(chloroacetjlgljcylumino)propionic 

0 

0 

0 

1 

0 

0 

0 

acid 







a, a Di(glycylglycj lanuno)proinonic acid 

38 

14 

S 

2 

1 

2 


* Primary tumors induced in Osborne Mendel rats by feeding p dimethylammo 
azobenzene, donated by Dr J White 

t Pyruvic acid determined in the digests as heretofore (1) was practically equi- 
molar with the ammonia evolved 


constituted dehydropeptides of alanme and di(acylammo)propiomc acids 
ts of mterest (3) 

For both dehydropeptides and di(acylamino)propionic acids, the most 
active normal tissue is kidney, followed in descendmg order by pancreas, 
spleen, brain, and liver The susceptibihty of both glycyldehydroalamne 
and di(glycylammo)piopionic acid is highei m extracts of the hepatoina 
than in those of normal livei The susceptibihty m normal tissue extracts 
of both N-methylglycyldehydroalamne and di(N-methylglycylanimo)pro 
Pionic acid is roughly half that of then respective unsubstituted par^t 
compounds, while m the hepatoma extiact the susceptibility of the 
methylated compounds practically vanishes No companson can be made 
of the N-dimethyl analogues because of the failure to 
methylglycyldehydroalanme (4) Like chloroacetylglycyldehydroalamne. 
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Whet r “'’‘’““‘'y “jm^hclly 

lespective glycylglycyl derivatives t]m to form the 

ceptible Thes?/ndn^ r" T“ 
en^me capable of hvdrQ]v.m,r !i f , I absence in tissues of an 
glycine and to the piesence of a oLhT chloroacetic acid and 

bond m glycylglycme (/( 3 )) 

(1) (a) “n imltl e^ll? “, " ‘>'>a »! the foUowieg mech.ms»,s 

Us leaZe to f '“ at one of the t,vo glyeylomino Iml- 

amide, and pyruvic ^ “aes to anm^ 

glycylamino letsidno n i A * ^ initial attack at the bond between a 

of glycmamide and ^ bon atom, leading to the formation 

hydrolyzed hv dpJ f j ydroalamne, the latter being subsequently 
Se e^ ld,o^ and pyniviLcid' 

mechamsm Th. ^ presumably the same by either 

bydroDeDtides susceptibility of analogously constituted de- 

tissues and m tli i ^°^‘^°)Pfopionic acid derivatives in normal 

similarity aUhn ^ l appears to support mechamsm (6), but this 

variously con=:f ^ interesting, may possibly be deceptive Studies of 
vidino'sompilli/ substiates with dilferent tissues are capable of pro 
that The hvd appears highly reasonable 

secutivp <itpn ^'^i® ‘^Kncylammo)piopiomc acids occurs in two con- 

atraf-p a h initial reaction requires m the susceptible sub- 

tarhpd “ nitrogen atom to which at least 1 hydrogen atom is at- 

aolvpd wJi ^ concerned with the course of this hydrolysis will be 

Wnrlr in a'^ Steps aie separated and mdivrdually charactenzed 

npnf-id +^K being pursued by parallel studies on saturated 

peptides with punfied tissue fractions 

SUMJIARY 

a,a Di(N-n:iethylgIycylamino)piopionic acid hydrocMonde, a,adi(N- 
6 y g yeylammo)piopionic acid hydiochlonde, a,a-di(chloroacetyl 

J Using tbo nmliydrm COi procedure of follouing peptide hydrolysis (5), we have 
e an appreciable rate of hydrolysis of glycylammoisobutyric acid in rat kidney 
digests In terms of micromoles X 10 of substrate hydrolyzed per hour per mg of N 
m the extract, the rate is C20 This compound, NHjCH,CONHC(CH,),COOS, 
whose structural analogy to di(glycylamino)propionic acid may be noted, is hydro 
lyzed almost exclusively at the peptide bond No ammonia is evolved in kidney 
digests of glycylammoisobutyric acid (6) In calculating the rate of hydrolysis of 
glycylammoisobutyric acid, cognizance must be taken of the fact that aminoisobu 
tyno acid itself contributes about 12 per cent to the total carbon dioxide evolved on 
complete hydrolysis of the peptide This ammo acid apparently does not reset 
completely with nmhydrm under the conditions employed 
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gl>cylamino)piopionit acid, ind of,a-(li(glycy]glycylamiiio)propiomc acid 
hydrochloride were picpaicd, ind then hydiolysis in vaiious lat tissue 
extracts followed mainly by the late of ammonia evolution ovei the con- 
trols The monomcth3dglj cyl ind glj'cjdglj^cyl deiivatnes were hydro- 
lyzed by all noimil i it tissues studied, whereas the dimethylglycyl and 
chloro icetj Iglj'cj’l deux itnes weic not attacked In extracts of hepa- 
toma, the susceptibihtj' of di(glj'cylamino)piopionic acid is higher than m 
liver, whereas tint of di(N-mcthylglytylamino)piopionic acid nearly van- 
ishes Comparison is made between analogousl}’’ constituted dehydropep- 
tides and di(gl3myl immo)piopionic acid deiivatives, and certain similarities 
are described 
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ENZ\"^r vnc IIYDROLYblS OF VYALOGOUS SATURATED AND 
UNS VTUR VTED PEPTIDES 

vixcLxr i: price wd jisse p greenstein 

{From the Xaltonal Cauctr Instttult, \ atwnal Institute of Health, Bethesda, 

Maryland) 

(Reecutd for puldic ition, June S, 1948) 

Two types of peptidases aie piesent in tissues, one of w'liich catalyzes 
the hydrolysis of the saturated, RClICONHCHR'COOH,Hhe other that of 
the unsaturated, RCIICONIlC(=CIIR')COOH?:tRCHCON=C(CH 2 R')- 
COOH, peptide bonds {cf (1)) These aie designated, respectively, pep- 
tidases and dehydropeptidases We have lepoited the lates of hydrolysis 
of variously constituted dehj'di opeptides in e\tiacts of lat tissues (2-4) 
The present study consists in i compaiison of such lates with those of 
analogous saturated peptides undei neaily identical experimental condi- 
tions Compaiison has been made between glycyl-DL-alamne and glycyl- 
dehydroal mine, glycyl-DL-phcnylalanme and glycyldehydiophenylalamne, 
and chloioacetyl-DL-alanine and chloroacetyldehydroalamne, studied in 
extracts of lat kidney, hvci, and hepatoma Acetyl-DL-alamne, 
acetyl-DL-phenylalanine, acetylglycme, and glycylglycine weie also studied 
m kidney digests, and the foi-mei tw'o compounds compared, lespectively, 
with acetyldehydroalanine and chloioacetyldehydrophenylalanme 


experimental 

The digests were composed of 1 cc of fiesh, aqueous lat tissue extiact, 
1 or 2 cc of 0 15 m borate buffer at pH 8 0 and 1 cc of either watei or 0 025 
M neutralized dehydropeptide or 0 050 m neutralized racemic peptide 
solution No metallic oi othei activatoi was added The hydrolysis a 
37° of the dehydiopeptides was followed by the rate of evolution of a^o- 
ma (2) and that of the peptides by measuring the 00 = evolved after tre - 
ment with ninhydim (5), both rates being coriected for the le p 

‘ Substrates containing an a tertiary carbon atom, such as 
acid and favorably constituted di(acylamino)propionic aoi 

iQ rat tissues (14) The relation, if any, between th y . atom on 

substrates and those catalyzing the hydrolysis of peptides wuth y 
the a carbon is not yet clear ,.omnvpd tissue w ith clean 

*7''^ extracts were prepared by by light centrifugation to 

sand in a glass mortar and suspending m water, fo -nrithm a half hour of 

remove the sand and tissue d/bris The extracts were used within a 

preparation 
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contiols ^ In agi cement ivith the opinion axpiessed by Neurath el al (6) 
Me have found the specific and accurate nmhydrin method the most satis' 
factoiy of contempoiai-y piocedures for measuimg the late of peptide 
hydrolysis 

The satuiated peptides employed Mere racemic muitures, and the 
hj'^drolysis Mas foUoMed m each case almost to completion As others 
have noted ( 7 - 9 ), both optical foims of the glycyl peptides Mere hydro- 
lyzed With e\tiacts of livei and hepatoma, the rates of hydrolysis of the 
tMo antipodes of glycyl-DL-alanme and gli'cyl-DL-phenylalanine were so 
diffeient that it could be assumed that the moie susceptible isomer iias 


Q 



HOURS OF DIGESTION 

Fig 1 Hydrolysis curves of 0 03 ii glycyl-DL alauine (X) and ohloroacetyl dl- 
alanine (O) Mith rat liver extracts containing 0 I and 1 1 mg of N per co , respec 
tively The actual rate value for hydrolysis of the more susceptible isomer of gljcyl 
DL alanine (Table I) was calculated from a curve obtained u ith a more dilute extract 

completely hydiolyzed befoie theic M-as appieciable hydiolysis of the less 
susceptible isomei (Fig 1) ^ In such cases, it was necessaiy to employ 
highei extiact concentiations to folloM^ the hydrolysis of the less susceptible 
than foi the moie susceptible isomer With ludney extracts, the rate of 
hydrolysis of the more susceptible isomei of glycyl-nL-phenylalanme is 
also considerably greater than that of the less susceptible isomei Hoff 

’ Under our conditions, tbo nmhydrin procedure results in a negligible hjdroJ)^ 
of all the peptides studied except glycylglycine, which is split to a fen per cent (r; 

( 5 )) 

^ By the “more susceptible isomer” wc refer to that member of the pair 

odal peptides which is more rapidly hydrolyzed, without commitment as to w e 

the tu o isomers are hydrolyzed by the same or different enzymes 
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Fig 2 Hydrolysis curves of 0 03 m glycyl dl alanine (X) and chloroacetyl-oL- 
alanine (#) rat kidney o\tract 3 containing 0 08 and 0 6 mg of N per cc , re- 
Bpeotuely 


Table I 


Rates of Hydrolysis of Saturated and Unsaturated Peptides with Rat Tissue Extracts 


Substrate 

Micromoles X 10 substrate hydrolyzed per hr per 
mg N in extract of 

Kidney* 

Liver 

Hepatomat 

Glycyldehydroalaniiie 

Glycyl DL alanine (one optic tl form) 

“ (2nd “ “ ) 

Glycyldehydrophenylalaninc 

Glycyl DL phenyl il mine (one optical form) 

“ (2nd “ “ ) 

Chloroacetyldehydroalanine 

Chloroacetyl dl alanine (one optical form) 

1,620 

6,000 

1,020 

520 

10,300 

360 

100 

600§ 

60 

2000 

76 

12 

3200 

20 

28 

132 

380 

1200 

23 

0 

21201 

11 

0 

75 


vjiycyigiycme is hydroiyzeu wiin a. ra,te — 

t Primary \umors induced in Osborne Mendel rats by feeding p dimethylammo 
aBobenzene, donated by Dr J White Necrotic areas removed 
t The corresponding value hen 0 025 m glycyl ^ phenylalanine 
2300 ^ , ,,,A 

§ Acetyl DL alanine (only one optical form) is phenylalanine 

compared ivith that of 18 for acetyldehydroalanme Chloroacety P 
(only one optical form) is hydrolyzed at a rate value of 1200. compar 
0 for chloroacetyldehydrophenylalanine 
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ever, m the case of glycyl-DL-alanme, the hycliolysis of both optical isomers 
moie nearly appi oaches that of the other, and the rate of hydrolysis of each 
isomer can only be roughly appioximated (Fig 2) Only one optical form 
of chloroacetyl-DL-alanine (Figs 1 and 2), of acetyl-DL-alanine, and of 
chloioacetyl-DL-phenylalunine was hydrolyzed 
The initial reaction rates for the hydrolysis of the peptides ^\e^e approxi 
mated fiom the slope of the respective curves (micromoles of substrate 
hydiolyzed plotted against time), the data aie given in Table I 
In the absence of definitive information as to ^\hlth optical isomer of the 
lacemic peptides was being hydiolyzed, no designation can be made at this 
time, but presumably tlie susceptible isomei of acetyl-DL-alanine, chloro- 
acetyl-DL-alanine, and chloioacetyl-DL-phenylalanme and the more sus 
ceptible isomer of the glycyl peptides is the l, or “natural” form The 
nearly equal rates of hydrolysis of glycj l-L-phenylalamne and of the more 
susceptible isomei of glycyl-nn-phenylalanme support this possibihty 
(Table I) The lates noted foi the satuiated peptides may be minimum 
foi the most pait, (a) smee they ueie obtamed on compounds hydrolyzmg 
in the presence of then optical enantiomorphs, which might exert an 
inhibitory influence, and (b) since no possible activatoi iias added (8, 10) 
Neveitheless, the lates of hydrolysis of the moie susceptible fonns of the 
satuiated peptides aie m eveiy case considerably gieatei than those of the 
analogous dehydiopeptides (Table I) 


DISCUSSION 


Beigmann and Schleich (1) shoued that purified piepaiations of dipep 
tidase, ammopeptidase, and carboxypeptidase, uhich vere highly active 
toward satuiated peptides, had no effect upon unsaturated peptides -tt® 
converse has not yet been shown to be true, foi no attempt has been ma e 
to piepaie purified dehydiopeptidases fiee of activity tow aid the 
peptides Nevertheless, some fuithei evidence that the peptidases an e 
hydi opeptidases aie distinct enzyme systems may be deiived fiom a com 
parative study of hvei and hepatoma The malignant transfoimation o 
a tissue may seive in effect, in the case of a number of closely relate en 
zymes, as a fractionation pioceduie Thus, in the consideiation o ^ 
possible multiple nature of debydi opeptidase I (1), considerable 
laid on the fact that, whereas the hydrolysis late of glycyldehydroa^a^^^ 
and alanyldehydi oalanme mci eased veiy considei ably w’hen liver w'as * 
formed into a hepatoma, the hydxolysis rate of glycyldehydiopheny “ 
and N-methylglycyldehydi oalanme decreased Assuming that e 
ceious transformation of a tissue does not result m qualitative 
the enzymes concerned, the enncliment in activity tow'ard 
alamne and the concomitant deciease in activity toward glycy 
phenylalamne (4) (Table I) strongly suggest that the 
substrates is catalyzed by different enzymes The fact tha 
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uaut trau&founation ol livci ib accoinpauicd by a decrease m the 
rite whereby both optic il fomib of glycyl-oL-alanine aie hydrolyzed (Table 
I) also suggests that glycyldchydioalanme and glycyl-DL-alanine are hy- 
drolyzed by diffeient enzyme systems It is of some inteiest to note that, 
per mg of tissue N, the hydrolysis rate of those satuiated peptides studied, 
namely gl>cyl-DL-alanme, glycyl-DL-phcnylalanine, and chloioacetyl-oL- 
alanme, decreases when liver becomes neoplastic (Table I), whereas it has 
been reported that the late of hydrolysis of the moie susceptible isomer of 
DL leucylglycine and of DL-al inylglycme increases (11, 12) ® This differ- 
ence suggests that alanylglycme ind glycylalamne may be attacked by 
different peptidases, a possibility winch had been advanced on other 
grounds for the corresponding d peptides by Maschmann (8) In any 
event, the use of carefully defined cancer tissue m comparative studies with 
the normal tissue of origm is sometimes capable of contributmg to the so- 
lution of certain biochemical problems of fundamental interest (c/ (13)) 
Still another suggestion that the peptidases and dehydropeptidases may 
be distmct systems arises from the fact that, whereas the dehydropeptides 
of alanine aie hydrolyzed in tissue evtracts much faster than the dehydro 
peptides of phenylalanine, the reverse holds true for the more susceptib e 
(but not for tlie less susceptible) antipodes of the coiiespondmg satuiate 


peptides (4) (Table I) , , 

The hydrolysis lates of the susceptible optical isomer of acety -dl a 
chloroacetyl-DL-alanine, and chloroacetyl-DL-phenylalamne, an o e 
more susceptible isomei of glycyl-DL-alanme and glycyl-D:^phenylalai^e, 
are all gieatei than those of the coiiespondmg analogous e y opep i es 
in the same tissue extract (Table I) Little can be said ® coimec 

of the less susceptible antipodes of the satuiated peptides ose o ace y 

DL-alanme, chloioacetyl-DL-alanine, and chloroacetyl-DL-p eny a anme me 
not hydrolyzed at all, while those of glycyl-DL-alanme an g ycy P ® 
alanine in kidney and liver extracts are apparently y ro 
approximating those of the coirespondmg dehydropepti es ( 

Further investigations will lay emphasis on the use o op ica y , , 

peptides, w^h will also permit the use of more accurate kmetic 

The only satuiated peptide studied which js ^ coZTst 

extracts of kidney was chloioacetylglycme (Table i; ims 
to the ease of hydf olys.s of the susceptible isomer of 
Glycylglycme was hydrolyzed at a rate approximatmg that of g y y 


‘We have also found that, per mg of tissue N, 

'L alanylglycme is hydrolyzed more rapidly in epa , glycylalamne 

facts Under experimental conditions identica wi 3700. m liver 1630 

Table I), the hydrolysis rate for to be hydrolyzed 

Cbe second optical isomer of dl alanylglycme does not app 
'hese conditions, either in liver or m hepatoma extrac s 
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isobutyric acid (14), which was considerably less than that of glycyl dl- 
alamne It may be suggested that the presence of a center of optical asym 
metry in a favorable position within the peptide is frequently conducive to 
increased susceptibility to peptidase action 


STr\iM.vnY 

The rates of hydrolysis m fiesh, aqueous lat tissue extiacts were de- 
termined foi glycyl-DL-alamne, glycyl-DL-phenylalanine, chloroacetyl dl- 
alanine, acetyl-DL-alanme, and chloioacetyl-DL-phenylalamne, and the 
rates compared both among themselves and with those of the corresponding 
analogous dehydiopeptides Both optical isomem of the glycyl peptides of 
alanine and phenylalanine were hydiolyzed, one at a fastei rate than the 
other, but only one isomer of the chloroacetyl and acetyl peptides vashy 
diolyzed Chloroacetylglycine was not hydrolyzed, and glycylglycme was 
hydiolyzed in kidney at a late approximately one-fifteenth that of the more 
susceptible isomei of glycyl-oL-alamne 

The more susceptible isomers of the lacenuc saturated peptides were 
hydrolyzed in extiacts of ludney, liver, and hepatoma at considerably faster 
rates than those of the coiiesponchng dehydropeptides The neoplastic 
transformation of liver lesults in a deciease in the hydiolysis rate of glycyl 
alanine, which is in contiast with the mciease m hydrolysis rate of glycyl- 
dehydroalanine The more susceptible antipodes of the saturated peptides 
of phenylalanme weie hydrolyzed in kidney, liver, and hepatoma at a faster 
rate than those of alamne, whereas the converse held true of the correspond 
mg dehydropeptides The question of the sepaiate identity of the pepti 
dases and dehydropeptidases was discussed 
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TPIE REVERSIBLE INHIBITION OF ACETYLESTERASE BY 
DIISOPROPYL FLUOROPIIOSPIIATE AND TETRAETHYL 
PYROPHOSPHATE* 


BY EUGENE F JANSEN, iM -D FELLOWS NUTTING, and A K BALLS 

{From the Enzyme Research Laboratory, Bureau of Agriculluial and Industrial Chem- 
istry, iyricuUural Research Administration, United States Department of 
IgrtcuUure, Albany, California) 

(Received for publication, June 2, 1948) 

Diisopropyl fluorophosphate (DFP) has been shown to be a remarkably 
potent inhibitor of the enzymatic hydrolysis of acetylchohne (1) As a 
result of a wide survey (2), inhibition by dialkyl fluorophosphates appears 
to be specific foi certain esterases and hpases (kidney acid phosphatase was 
found to be inliibited by relatively high concentrations) Since the cholin- 
esterase of mammalian brain and nerve tissue is narrowly specific for ace- 
tylchohne and acetyl-/3-mcthylchohne (3), it is often called “true” chohn- 
esterase Other esterases of wider specificity (those hydrolyzmg tnbutynn, 
for example) also hydrolyze acetylchohne, but are frequently referred to as 
"pseudo” cholinesterases 

^Vhile studying the inhibition of cholinesterase by DFP in viiro and in 
VIVO, Mazur and Bodansky (4) found that different tissue chohnesterases 
show differmg degrees of sensitivity to DFP These results have been 
interpreted by Hawkins and Mendel (5) and by us (6) as mdicatmg that 
pseudocholinesterase is about 100 times as sensitive to the inhibitory action 
of DFP as IS cholinesterase Fiom a correlation of toxicity with inhibition 
of brain cholinesterase, Nachmansohn and Feld (7) have concluded that 
the toxicity of DFP is very probably due to its action on “true” chohn- 
esterase Smee dialysis or dilution of chohnesteiase-DFP mixtures or of 
tissue chohnesteiase from animals poisoned with DFP did not result m any 
increase in cholinesterase, the DFP inhibition of bram cholinesterase is not 
to be considered readily reversible (4) However, Nachmansota ei al (8) 
have found that over a relatively shoit period of time the mhi^bition by 
DPP can be leveised by dilution, the extent of the reversal being dependent 
on temperature, time, and DFP concentration Eserine, which ii^ibits 
cholmesterase reversibly, was found to protect the enzyine agams irre 
versible DFP inhibition (9) Mazur (10) also demonstrated an enzjme in 
animal tissues capable of hydiolyzing the phosphorus-fluome bond of a y 
fluorophosphates, so that theie exists m vivo concurrent ui^tion of chota- 
esterase and detoxification Hexaethyl tetraphosphate (HETP) exerts a 
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Sir z ” 7““““ -- 

0 determine whether an} of the phnt 

fee HETP and hke substaace^rfbo^^r'' Tf particular!; 

fung, . ^ iThydroinUrbert tho7le'iT„f ''*■■ »"'< 

and acetylcholine PIo\\o\er vprv i acid, including both tnacetin 

'vere needed to leabze maMmum f ‘^‘'"^^“trationb of acetylcholine 
on this enzyme activity, and esenne was without effect 

(plant) acltylLtemse^md of th'^f necessaiy for the inhibition of 

observed that, nhen acttfl^pr Itwasfurther 

JIETP, the} spontaneoush were inhibited b} TEP or 

Pieparations of another eiiLm ^ ^ regeneiated m iilro Purified 

quently earned some material f *om orange flavedo (pectuiesterase) fre- 
othei hand, enzyme inhibited by DFp7i^ regeneration On the 

in iiiro, though evirlpn^o , ” bas not been observed to regenerate 

gassed with DFP mailed ^bat, when a whole orange was 

3eque.t regane.a,;<,„ thkeof" oLI.^odf/tS^tettar'* 


l--vPERiaiENT\L 

^ and Materials 

were employed Arhnclon^^^^fJ^^ follownng enzymes and assay methods 

aerat.on-Ut;„ ^Va “I 7 “*7“ *” 

paste (14) according to the m.llf -‘Archibald (13), papam salt 

crystalline fl-amvlnt n r\ 'bv-clotting method of Balls and Hoover ( 15 ), 

of the Eneen and ) accoi^g to the Schwmxmer modification ( 17 ) 

accordine to fhp ^ e “^®^bod (IS), ciude pectmesterase concentrate 
Trld fneLw continuous titration at constant pH (19), and 

Lvmillv f if according to a similar continuous titration method 
Xifete f - ^ubstiate (12), or by a 

substrate ° recently developed with o-nitrophenyl acetate as 

The wloiimetric method foi acetylesterase permitted the use of a tenth 
as muc enzyme as was needed foi the titrimetric method It consisted 

‘ MacDonnell, L R , Jang, R , Jansen, E F , and laneweaver, H , m preparation 
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lu measuung the rate of fomi ilion of o-iiitiophenol at pH 6 5 and 25°, with 
V No 12 filtei 111 a Klctt-buinmei&oii colonractci with the test-tube adaptei 
m place Tlie substi itc was dissolved in ilcohol and added to the enzyme 
solution in 0 1 M phosphate bulTei it pll G 5 (below the suiface) to give a 
final concenti ition of 2 pei cent alcohol and 0 003 m o-nitiophenyl acetate 
The color formed is is me isuicd ns i function of time The rate of foim- 
ation under these tonditions \\ is liiicai .ind ss'as diiectly pioportional to the 
amount of enzyme standard curs'e lelated coloi to imi of o-mtiophenol 
The actisitics were expicssed in millimoles of o-mtrophenol foimed pei 
minute pei alicpiot of enzyme These activities agieed svith those detei- 
mmed wnth tiiacetin is a substiatc to within 10 per cent The small sub- 
strate concentration needed to show the full actisity of the enzyme present 
IS notew'orthy (concenti itions of o-nitrophenyl acetate greater than 0 003 
M gave the same specific actisuties) This concentration is less than 0 01 
of that neccssaij foi full activity with the acetms as substrates (12) 
Hence acetylcsterase lins a much grentei affinity for phenyl acetates than 
for aliphatic acetates 

Inhibitors — The IIETP- w'as a commercial product Icnown to be a mix- 
ture, the DFP’ was analytically puie, the TEP‘ wms 95 pei cent puie, and 
no analytical figures were available foi the ethyl metaphosphate (EMP) ■* 
Stock solutions of the inhibitors weie made to be 0 01 to 0 02 m m anhy- 
drous isopropanol These solutions kept foi seveial months m the lefiig- 
erator with no deciease in inhibitory powei Aliquots of these solutions 
sufficient to give the desired concentiation of inhibitor were added to an 
enzyme solution and incubated at loom tempeiature (25° ± 1 ) foi 20 
minutes (unless otherwise specified) piior to assay It is shown later that 
an mcubation period is necessaiy As a contiol, puie isopropanol was 
added m a coi responding amount to a similai enzyme solution m or er to 
ascertain whethei any of the inhibition observed might be due to t e iso 
propanol In no case did the amount of isopiopanol used produce any in- 
hibition. over the time of the expeiiment The term pK is use to eno e 
the negative logarithm of the concentration of mhibitor leqmied to pro uce 
50 per cent inhibition under the described conditions 


Results 

Effect of DFP on Seveial Plant Enzymes— The effect of DFP on papain, 
pectinesteiase, urease, crystalline /S-amylase, and citrus ace yes erase 

* Obtained through the courtesy of the Monsanto Chemical Company. St Louis, 

■^Hissouri 1 

* Obtained from the Medical Division, A.rmy Chemical Center at Edgewoo , 

' aryland, through the courtesy of Captain James A Can^ e , ^orLa Chicago, 

Kindly aupphed by Dr Howard Adler of the Victor Chemical Works, Chicago, 
^liuois 
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given m Table I It can be seen that the arbitraiy concentration of DFP 
employed (0 001 m) had little or no effect on any of the enzymes tned ex- 
cept acetylesteiase and possibly papam (The pH had no effect on DFP 
inhibition, as will be seen below, therefore, it was not possible that the 
failuie of DFP to inhibit was due to pH differences ) Increasing the con- 
centiation of DFP in papam solution 3-foId caused an inhibition of 25 per 
cent This inhibition was not dependent upon time, since 30 and 90 min- 
ute incubation periods caused the same inhibition, contrary to the effect 
observed in the inhibition of acetylesterase (see below) Since the concen- 
trations of DFP necessaiy for papain inhibition were so large, the effect was 
not puisued any further Urease and papain depend on — groups for 
activity Since DFP failed to cause a marked inhibition of these enzymes, 


Txbll I 

Effect of 0 001 M DFP on Scteral Plant Enzymes 


Euz>me 

pH 

Incubation tunc* 

Per cent iniibiMu 

Papaiuf 

1 7 

mm 

30 

9 

cc ! 

4 7 

ISO 

9 

Peotmestcrase 

5 6 

30 


Urease 


90 


P iimylase 


CO 

2 

Acetylesterase (citrus) 


7 

Si 



43 

96 






* The time between the 'icldilion of the DFP to the enzjme and its assay 
t No cyanide actuation w is used on the papain 


it IS apparent that the mode of inhibition by DFP is not through reaction 
mth — ^H gioiips ' It IS of inteiest that pectinesteiase is an esteiase un 
affected by DFP 

Effect of Concenh alion of DFP on Acelylcslet asc — In ordei to detennm 
the concentiation of DFP necessary to cause 50 per cent inhibition o ac^ 
tylcsterase, it wms necessaiy to select an aibitiaiy time of reaction e we 
the enzyme and the inhibitoi Foi this puipose a 20 nainute 
period was chosen The suggestion had been made previously ( 
wheat “lipase” (20) is m reality acetylesterase Since lipase u 

was not affected by DFP,« the mhibition of the 
offer additional evidence of the identity of this enzyme with ace y ^ 

A concentiate of the wheat enzyme was made by extraction ° 
wheat germ overmght ivith 1 liter of 2 5 n sodium chloride a p 
filtered extract was made 0 7 satuiated with ammonium su 

‘ Unpublished results 




E F JANSEN, M -D P NUTTING, A K BALLS 


979 


precipitate was filtered oft and taken up m 75 ml of watei and dialyzed 
m the cold The resulting solution li id an activity of [AE u ] ml = 0 002 
Aliquots of this solution as well as those of citius acetylesterase vere sub- 
jected to DFP From Table II it is appaicnt that the concentiation of 
DFP necessary for 50 per cent inhibition undei the conditions of the ex- 
periment was approximately 5 X lO"-* m (pK = 4 3) for both preparations 
This concentration is of the same ordei as that necessary for 50 per cent 
inhibition of true chohncsteiase (1, 21) The fact that the same concen- 
tration of DFP caused a similai inhibition of the enzymes from 
both sources is additional evidence that the w’heat enzyme is in fact acetyl- 
esterase That the inhibition by DFP w'as not due to its hydrolysis to 
fluoride ion was shown by the failuie to obtain inhibition of acetylesterase 
by incubation with 0 001 xt NaF 

Citrus flavedo press-juice contains consideiable acetylesterase (12) The 
concentration of DFP necessary to cause 50 per cent inhibition m a similar 


Tvble II 

E^Jccl of DFP Conccnlralion on Acetylesterase 


DFP concentrauon X 10* 

Per cent inhibition* 

Citrus acetylesterase 

Wheat acetylesterase 

5 

86 

91 

1 

72 

75 

0 5 

56 

65 

* After 20 minutes prior exposure of the enzyme to DFP 


iflcubation period was found to be approximately 10 times as much as was 
needed for the pai tially purified acetylesterase used above On purification 
of the acetylesterase (12) this difference became negligible The explana- 
tion of these observations is still obscure, but obviously may be connected 
''^ith the observations on regeneration of the inhibited enzyme 
Kmehes of DFP Inhibihon—A study was made of the rate of inhibition 
of citrus acetylesterase by DFP at 25° The reaction was found to be bi- 
molecular over the concentration range studied, since the product of the 
tune necessary to cause 50 per cent inhibition multiphed by the inhibitor 
concentration gave a constant (Table III), except for the lowest concen- 
tration studied Furthermore, a plot of the reciprocal of residual activity 
against time gave a linear function for more than half of the reaction is 
raay be considered as additional evidence that the inhibiting reaction is 
^olecular The DFP concentrations used were all above those with w ic 
Nachmansohn et al (8) were able to obtam reversible inhibition, so that 
seems unlikely that the change from reversible to irreversible i 
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JSi'at ‘the Imo elfLTh” ontn‘l“ 

eateiaso eoncniliale^f old^!l“d'to pit ‘S'? f ''d“‘ T^i 

befcigmficanl xSimilaily icetvlp ^‘‘^‘^'encesaie not considered to 

d.d t thZi ZolLlT"’'' r fact ttat etca. 

iniiibit the hvd,«lv.,s of acetylcholine biomide by citrus acetyl- 

Tviiii, III 

^'‘^IJilion, a Bimokcuhir licaclton 

nrP concentration x 10 > 


•nme ol 50 r«r cent inhibition (/j) /j x concentration X 10' 


Id 
I (JO 


min 

S3 

2i 

12 

1 


S 3 
10 
12 
10 


likpw wn f demonstiatecl (12) Wheat acetylesteiase was 

tmtirrn ncctylcliohno bromide, how'evei, at a concen- 

tivilv n<- ^ i<^l^tivo I ite of li3'-diolysis (on the basis of tnacetmac- 

diihiiinn f citiiis 'icetylesterase In 

tailed to 1 " ‘^cetjdestei ise at 25° foi 90 minutes in 1 X 10“* ai eserine 
assav \r ”ibibition of icctjdcholme hj'-diolysis on subsequent 
, , ^ eovei , the hj'di olj^sis of acetylcholine bj'’ the wheat enzyme m 

le piesence of 1 x 10“^ ji oseune pioceeded at the same rate as in the 
bsenco of eseiinc Tieatment with 5 X lO'^ m DFP of wheat acetyl- 
es eiase, w ici had aheady been incubated with 1 X lO"^ m eserine for 90 
minu es, cause the same inlubition as was obseiwed m the absence of es 
eiine lere oie, uuIUve cholmesteiase, acetydesteiase was not inhibited by 
eserine and, piobably foi the same leason, the eseiine did not protect ace 
tylesteiase fiom DFP inhibition Conversely, Webb (2) found that the 
enzymes othei than cholmesteiase wdiich weie inhibited by DFP n ere sen- 
sitive to eserine, although theie was no diiect con elation between the sen 
sitivity to DFP and eserine 
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111 the presence of buh^ti ite tiic mhiliilioa of acetylesteiase by DFP is 
greatly rotirdecl, i t , iii the piObCiite of 5 pei cent tiiacetm, 40 minutes 
Mere needed to icdiicc the icti\ il> ol (lie nheat enzyme to one-half by the 
action of 1 X 10"’ n DFP, 11110101-3 m the absence of the tiiacetm this 
degice of inhibition iiould line octuiied in 1 minute The time needed 
to reduce the ictii ity to one h ill m the pic‘-ence of substi xte was appio\i- 
mately the same at loiici conceiitiatioiib of DFP (1 and 5 X 10“^ m) It 
ib probable, Ihciefore, th it the point of att icL ot the DFP involves the 
point of att ichment of the enzyme to the substiate 
Bj/ccl of IIETP, TDP, and E on {ctlylcslciasc — IIETP, a mixtuie of 
ethyl phobphatcb, 11 is found to inhibit acetylesteiase (Table IV) m even 
smallei concentratioiib thin weic needed nith DFP (Table II), appioxi- 
mately one-fiftieth to onc-tw cut j -fifth as much caused 50 per cent mhi- 


llUII I\ 

Ljfcct of III I'P, J LP, anti I VP on icelylealerase 


tnzjmc source 

Inhibitor 

1 Inhibitor 

1 conci^ntratioD 

Per cent 
inhibition* 

Wheat 

i ■ ■■ 

IILl P 

1 V 

1 X 10-5 

57 


(4 

' 1 X 10-5 

43 

Citrus, purified 

‘ 

! 2 X 10-5 

50 


TEP 

' 1 X 10-5 

46 

tt 

LiMP 

1 1 X 10-5 

1 

50 


* After 30 minutes prior exposure of the enzyme to the inhibitor 


bition m a lilce time This difieience is cousideiably gieatei than 
that observed for cholinesterase (11) The active insecticidal constituent 
of HETP,« TEP, was just as effective on a molai basis Howevei, EMP, 
the othei majoi constituent of IIETP, was one-tenth as active as TEP 
Since the EMP was impuie and piobably still contained residual TEP, the 
inhibition was probably due to the lattei Heie again the reaction be- 
tween HETP and acetylesteiase was found to be bimolecular Acety es 
terase m citrus piess-juice lequiied 10 times as much TEP to give 50 per 

cent inhibition as did the paitially puiified acetylesterase 

Regeneration of Acetylestei ase—ks cited eailiei, the conclusion that cho- 
hnesteiase is iireveisibly inhibited by DFP is based laigely on t m e lavioi 
of the inhibited enzyme upon dialysis Similai expeiiments wit m 1 1 e 
ncetylesterase showed that dialysis, even aftei 11 days, pio uce no res 0 
ration of activity when the enzyme (fiom eithei wheat germ 01 oiaUj, 

^ ‘Private communication from Dr H L Haller. Bureau of Entomology and Plant 

quarantine. United States Department of Agricultuie 
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flavedo) was inhibited with DFP ? Whon ,f i, u , 

HETP, hcveve. , a small but de6nL m^ase ™ obse^H^ * 

a wheat germ piepaialioa inhibited to 14 pei cent ot ila nii^”i'*T ' 
by 1 X lO- M HETP rose to 17 per cent in 8 “igmal activity 

C;r 

appearance of activity was more ranid nf ^able Y, there- 

Howpvp, fi,„ I ^ temperature than at 5" 

> ong run, grcatei regeneration occurred at the lower tem- 

T VDLb V 

Rcocncrahon of TEP Inhibited Accl,jlcslcrc3a 


Tempera 

luret 



Per cent of ongmal acUvity after 

4 hrs 

1 day 

S da>5 

14 day] 

I 20ds]r3 

■ 

21 

B 

■ 

■ 







bb 


IB 




29 

■B 

■i 


■b 

32 

Bl 


10-< M 


acelvlpslprfe^l b°l^*ali 2 ed preparation of citrus pectinesterase^ was added to the 

t APer . f ? 7 Pectinesteraso unit per ml 

at thp rpisno ^ liours at 25°, the reaction mi\tures nere stored 

at tiiB rcspectno temperatures 

ennW °! preparation was heated to 60 ° for 5 minutes and 

cooled prior to its addition to the acetylesterase 


f 1 u ware by no means regular and indicated to us the 

'e 1 00 t at some unidentified factor in the preparations was partici 
pa mg in the obseived return of activity This supposition was 
s lengt ened by the observation that additions of purified citrus pectin 
esteiase fiequently (but not always) increased the rate of regeneration ^ 
piepaiation of tomato pectinesteiase, however, was without effect The 
pectinesteiase content of the prepaiations used did not appear to be corre- 
lated with then legenerative effect on inhibited (citrus) acetylesterase 
Heated pectinesteiase preparations weie entirely inactive in this respect 
While prepaiations of citrus acetylesterase in aqueous solution wereneier 

r The dialyses were carried out in the cold with conditions under which acetjl 
esterase was stable, t e , dialysis against 0 1 ir sodium oxalate (12) 
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observed to recover from inhibition by DFP, the enzyme was found to be 
regenerated tii silu after oranges were gassed with DFP vapor It has 
previously been shown that the major poition of acetylesterase occurs m 
the flavedo of orange nnd (12) When oranges are evacuated in a desic- 
cator containing a small amount of DFP, some of the chemical is volatilized 
and forced into the fruit when atmospheiic pressure is restored By re- 
peating the evacuation several times, it w'as found that over 95 per cent 
of the acetylesterase in the outer layers of the rind could be inhibited 


Tvull VI 


Regeneration of DFP Inhibited Citrus Acetylesterase, in Situ* 



Per cent of untreated activity 

Rlcd putt 


1 After oranges stood at 25 


Alter treatment 






1 day 

3 days 

4 days 

Whole flavedo 

4 

13 



« (1 

5 




Outer 

5 


15 


Inner “§ 

5 


26 


Albedo 

50 


28 



con- 


* The acetylesterase was inhibited by evacuating the oranges in a desiccator 
taming 1 ml of DPP for 1 minute, then allowing the oranges to remain at atmos- 
pheric pressure for 1 minute and repeating this cycle ten times After the ast 
evacuation the oranges were allowed to remain in the desiccator at atmosp eric 
pressure for at least 0 5 hour Washing the oranges after treatment had no 
effect on the inhibition , 

t The nnd parts were allow'ed to remain on the orange for the time in ica e in 
the last column, after which they were removed and e\tracted as previous y e 

scribed (12) 

t The outer flavedo was that part of the flavedo which contained most of the oil, 

and was removed by grating 1 1 + 1 11 

§ The inner flavedo was that part of the flavedo which contained itt e oi u 
relatively large amounts of pigment 


lowever, if such finut were allowed to stand 3 to 4 days at 25°, the acetyl- 
sterase m the flavedo was found to have regenerated to t e ex en 
0 40 per cent of its original (umnhibited) value (Table ^ ® ^ 

the nnd apparently suffered some autolytic changes, ut e ^ 
■lent of the esterase activity can hardly be attribute to i , 

Isewhere in the frmt, for in the layeis of tissue beneath the 
as seen m Table VI) about the same degree of regeneration was 
•consequently there exist some factors m citrus p.ther DFP 

■ctive acetylesterase after that enzyme has been i ^ ® , r 
•r TEP Attempts to concentrate or identify such factors have so far met 
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wth no success, but they will be continued for the sake of theu importance, 
not only to certain problems of cibius metabohsm but also to that of re- 
covery from DFP poisoning 

DISCUSSION 

Certain properties of plant acetylcsterase as it occurs in fairly crude 
pieparations fiom wheat gcim and orange flavedo may now be compared 
A\ith those of the cholinesterases of animal tissue The compansons are 
summanzed in Table \ II The geneial similarity between the plant and 
animal enzymes is striking In both cases, the action of the phosphate 
inhibitors appeals, at the present wilting, to be a specific one IlTiiIe this 
similaiity is backed by a gieat amount of e\peiimental work, it is never- 
theless based on ignoiance, foi the possibilities aie not nearly et- 
hausted At present the knowm differences are moie profitablj'’ discussed 

Tvble \ II 


Comparibon of Iccltjlcstcrasc tttlk Cholincslerasa 



1 ChoUncjlcrise 


rrop«tt> 



Acet>Iesa«5' 

True 

1 Pseudo 

Vfiinilj for acctjlcnohne 

Grc It 

1 LcsS 

Least {Kvi = 1 6 ii) 

Inhibition b> esenne 

-1- ' 

1 ^ 

0 

SpcciftcUv 

Xirrow 

Wide 

Wide 

pK of DFP inhibition 

3 S-j (20) 

G 5-7 (20) 

4 3 

“ “ HEIP “ 

7-7 5 (10) j 

7 (10) 

G 


The figures in parentheses ire bibliographic references 


The impoitant i61e of acetylestei ise m plant metabohsm can hardl}' he 
the hydrolysis of acetylcholine, and the observed sunilauties between t is 
enzyme and the chohnesteiases aie more probabb" dependent upon t e 
ester-hydi olyzing mechamsm of all of them than upon any factor spec c 
for choline This is supported bj'’ the w idei specificity of the plant enzyme 
It should be noted also that not aliphatic, but aromatic, acetates are i » 
piefeiTed substiates Thus the affinities {Kvi values) of acetylcsterase or 
acetylcholine, tiiacetm, and o-mtiophenyl acetate were 1 6 M, 0 03 h (, > 
and 0 001 Jf, respectively . , 

The inhibition constants (pK) for HETP aie practically the same, o 

those for DFP difler widely This suggests that the h Vtion * 

HETP inhibition may be quite difteient fiom that of DFP i ^ 

sThc behavior of plant acetjlesteraso undoubtedl> resembles that of 
pacudocliolinesterase 
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There is a marked dilTeitiite m the concentration of DFP required for 
the inhibition of the thiee cn/jmes shown in Table VII, but no difference 
in the concentration inquired of IIETP This again suggests that the 
mode of the two inhibitions may be difteient, a supposition that is borne 
out by the obsei’vation that the pi int enzyme, w’lule it lecoveis from both 
inhibitions, does so under totally dilleient cncumstances The reappear- 
ance of the IIETP-inhibited enzyme depends upon an unlmoivn factoi in 
the water-soluble prepaiations The factoi is evidently heat-labile and 
operates fastei but not moio extensuely at highei temperatures These 
properties are ehaiacteiistics ol an enz3Tne .Vftei bemg inhibited by DFP, 
acetylesterase reappears onlj' when in contact with the original tissue, and 
during a process outw’aidly rcaembling autolysis of that tissue It has not 
been technically possible to inhibit citrus acetylesterase by HETP tn situ 
apparently because of the difficulty of \ olatihzing enough of the chemical 
Application of a solution to the surface caiiies with it the possibility of 
adsorption, and unsatisfactory penctiation to the interior In such expen- 
ments, how'ever, little inhibition of the flavedo enzyme was obtained Pei- 
haps the solid tissues aie so much iicher in the legeneratmg factor than are 
extracts thereof that the HEPP-inhibited enzyme is almost immediately 
regenerated, and even the DFP-inlnbited enzyme recovers slowly Other- 
wise the two kinds of recovery must differ fundamentally 


SmiMARl 

1 A colorimetiic method for the assay of acetylesterase based on the 

rate of liberation of o-mtrophenol fiom o-mtrophenyl acetate has ® 

veloped The affinity of acetylesterase foi this substrate was found to be 
much greater than that for acetic esters of aliphatic alcohols 

2 Of the enzymes of plant origin, uiease, papain, crystalline /3-amy ase, 
pectinesterase, and citrus acetylesterase, only the acetylesterase was toun 
to be appreciably inhibited by DFP The pK value for a paitia y pun 
fied citrus acetylesterase was found to be 4 3 Foi a w'heat germ concen 
trate, the pK value was the same, thus giving additional evidence that the 
wheat enzyme is acetylesterase and not hpase Fluori e ion as 

effect on acetylesteiase, hence the effect of DFP was no ue 
drolysis to fluoride ion , tyioIoIv 

The acetylesterase in citrus flavedo press-juice lequire enzvme 

10 times as much DFP to cause 50 pei cent inhibition as di ym 

after partial purification from this source a rpqntion to 

3 A .tudy „t the tanefce of mh.b.t.on by DFP showed ^ 

be bmolecular Hence, to deEne DFP inhibibon with acetylesterase, 
tune as well as the concentration must be considere 
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4 The inhibition of acetyleaterase by DFP was found to be mdependent 
of the pH of the reaction muxture over the range of stabihty of the enzyme 
(pH 4 9 to 7 4) 

5 Eserine was without effect on the hydrolysis of acetylchohne by ace- 
tylesteiase, and likewise did not protect the enzyme from DFP inhibition 

In the piesence of substrate (5 per cent triacetm) 1 X 10~’ M DFP re- 
quired 40 minutes to reduce the activity to one-half, whereas m the absence 
of substrate this amount of inhibition occurred in 1 minute In the pres 
ence of substrate at lower DFP concentiations, this same decrease occurred 
in appioximately the same time Hence the point of attack of the DFP 
must involve the site of attacliment of the enzyme to the substrate 

6 The pK value foi mlubition of acetylesterase by HETP (a mixture) 
was found to be one-fiftieth to one-tw'enty-fifth of the value for inhibition 
by DFP TEP, the active insecticidal constituent of the mixture, was 
just as effective on a molar basis EMP, the other major constituent of 
HETP, was considerably less effective The reaction of these inhibitors 
with acetylesteiase w'as likewise bimolecular 

7 Dialysis of acetylesteiase inhibited with DFP failed to cause any re- 
generation of activity TEP- or HETP-inhibited acetylesterase slowly re 
generated on stoiagc at 5® Sometunes more than 50 per cent of 
the original activity returned m 30 days A preparation of citrus pectin 
esterase acceleiated this legeneration 

8 Citius acetylesteiase inhibited tn stlu by DFP w'as found to “regener- 
ate” when the intact fiuit was allowed to stand for 3 to 4 days Hence 
factors responsible foi the regeneiation of DFP- and TEP-inhibited acety 
esteiase exist in citrus fruit 
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LETTERS TO THE EDITORS 


THE EFFECT OF DIE'T \.RY PROTEIN ON THE TURNOVER 
OF PIIOSPIIOLIPIDES, RIBONUCLEIC ACID, AND 
DESOXYRIBONUCLEIC VCID IN THE LIVER 

Sirs 


Wien rats uc phiLCcl on i diet ficc fioni piotein but adequate in every 
other lespect, protein, phospholipidcs, and nbonucleic acid (RNA) aie lost 
from the liver, while the deaoxyiiboiiucleic acid (DNA) content does not 
alter significantly Theiefoie, the DNA P values may be used as terms 
of reference, and the protein N, phosphohpide P, and RNA P contents 
expressed as mg pei mg of DNA P (see the table) ^ 

It appeared to bo of iiiteiest to examine the tui novel rates of the P- 
contaming compounds at different stages of the piotem-free regimen 
For this purpose, one group of five male hooded rats 3 to 4 months ol was 
fed on a diet contaming 23 pei cent casein foi 7 days (Diet I), a second 
group of four lats on the same diet foi 7 days and then on a protein ree 
diet for 1 day (Diet II), a third gioup of foui rats on a protein-fiee ^et 
for 4 days (Diet III), and a fouith gioup of five rats on a piotem-free (het 
for 7 days (Diet IV) The average body weight at the begmnmg ot the 
dietary periods wus 294 gni , varying between 253 and ® 

daily food intake was 5 8 gm pei 100 gm of body weight on le s ' 

and 4 8 gm on Diets III and IV P’- (18 to 20 microcuiies) wms ejected 
subcutaneously 6 hours before the rats weie lolled foi 
tissue The ratio of liver phosphohpide (oi RNA or DiNAl 
hver morgamc P^^ psi (= lelative specific activity) was used as a 
of the turnover rate- In order to obtain an mdication o ® ^nlinlinidp 
over of phosphohpide (or RNA) P m the hvei, the latio of ^ 

(o. RNA) P« DNA p.; to mo.gomc P» P“ ( - toW '''f™ “‘retan “ 
calculated In this latio DNA P'S which remams^im^ected y » 
m dietary piotem, replaces phosphohpide P^^ or R.NA cnpoific 

During the first few days on the protein-free ® \ , r p 

activities of phosphohpide P and RNA P mciease , w e 

‘ Kosterhtz, H W , Naiwe, 1B4, 207 (1944), J ^ 

ell, R M , and Kosterhtz, H W >/ f Advances in enzymology and 

Hevesy, G , m Nord, P F , and Werkman, C H , Aova 
related subjects. New York, 7, 111 (1947) 
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decreased The fact that the total relative activities of phosphohpide P 
and RNA P showed no significant change, ivith the exception of the 7 ckj^s 
value, indicates that the increased rate of renewal of these substances 
compensated for their loss fiom the livers of rats fed on a protein-free diet 
It would appear, therefore, that the total turnover of the phosphohpides 
and of RNA is determmcd by the metabohc needs of tlie hver and is, at 
least within the lunits of these experiments, independent of how much of 
these substances is present m the liver The low 7 days value and other 
unpublished data suggest that in prolonged protem deficiency this rule 


Diet No* 

DNAP* 

Protein N 

Ltpide P 

RNAP 

RcIaUie speofic activity X IMf 

Total rclati\ eactintyt 

its 

pet ms. DNA P 

Lipide P 

RNAP 

DNAP 




Dtr per 
liter 









I 

2 48 

131 

0 24 

4 94 

35 8 

10 4 

0 78 

2 23 

0 ol 



±2 Gt 

±0 13 


±1 S 

±0 2 

±0 02 

±0 09 

±0 01 

II 

2 37 

110 

5 22 

i 02 

11 7 

12 5 

0 CS 

2 18 

0 oO 



±2 4 

±0 OS 


±1 2 

±0 6 

±0 07 

±0 05 


III 

2 29 

88 

4 15 

3 76 

53 2 

15 7 

0 57 

2 22 




±2 3 

±0 03 


±1 2 

dbO G 

±0 05 

dbO 20 

BIiliM 

IV 

2 37 

81 

3 GG 

3 15 

48 2 

15 7 

0 54 

1 76 

0 04 



±1 7 

±0 13 

±0 11 

d=l 7 

±0 6 

±0 05 

iO 09 

±0 03 


* The values of DN V P h ivo been ncljustcd for a body eight of 300 gm by 
of the regression equation, 7 = 0 005S3 \ -i- 0 5 10, in w hich Y stands formg of DNA . 

andXforgm of body weight on the last day of a diet adequate m protein Since e 

standard error of the differences between the means is ±0 103, the differences are no 
significant 

t See the to\t 

t Standard error of the mean 


may no longei hold for phosphohpide P, a fact which may possibly have 
some bearmg on the development of liver injury in piotem deficiency 
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Sirs 


ON THE MODE OF ACTION OF BIOTIN* 


In a recent communic ition* Lithstcin and Umbreit have presented 
experiments dcmonslr iting i function for biotm These mvestigators 
found th it incul) ition of frcslily h u vested cells of Escherichia colt in molar 
phosphate at pll 1 and 37° resulted in marked loss of their ability to produce 
carbon dioxide from aspartic acid The enzjmiatic activity of these “m- 
activatcd” cells was restored by the addition of ciystalhne biotm Their 
further analysis of the in tci mediate steps m this reaction locahzed the 
effects of biotin in the dec iibox'ylation of oxalacetic acid Usmg the same 
test system, these authois latei showed that biotm also was mvolved m the 
deaimnation of L-aspai tic acid as x\ ell as DL-threonme and L-serme ^ 

In connection with our studies on the mode of action of biotm, we 
attempted to duplicate these findmgs under identical experimental condi- 
tions ’ We were able to confiim the mactivatmg effect of phosphate m- 
cubation, but were entirely unsuccessful m numeious attempts to reactivate 
the treated cells with eithei biotin or a mnxture of biotm with the following 
vitamins riboflavin, nicotinic acid, pantothenic acid, pyridoxal, pteroyl- 
glutamic acid, thiamme, and p-ammobenzoic acid (see the table) We 
can offer no explanation for this difference m results 
Further expeiiments, summarized m the table, revealed that hot water 
extracts of E coh and Laclohacillus aiabinosus* cells have the ability to 
restore the enzymatic activity of the phosphate-mactivated cells Similar 
extracts prepared from L arabinosus grown on a “biotm-fiee medium 
contammg aspartic acid and Tween 80 also possessed the same stimulatory 
activity Since such extracts are practically devoid of biotm (as measured 
by L arabinosus assay), it seems very unlikely that biotm plays any role 
these enzyme systems 

In 1938, Gale^ had already shown that one of the deammase systems of 
^ coh could be inactivated by mcubation with water, and that the 
could be restored by hot water extracts prepared from E coh ceUs and 
several other natural materials Formate or adenosme also possesse 


* Supported in part by grants from the Committee on Growth of the Nat 
R-BBearch, Council 

‘ Lichstein, H C , and Umbreit, W \V , / Biol Chem , 170, 329 (1917 
= Lichstein, H C , and Umbreit, W W ,J Biol Chem, 170, 423 (19^) 

’ We are indebted to Dr Lichstein for the strain of Escherichia c 

experiments „ , „ tt n 

‘ Groii n on the medium of Wright and Skeggs Wright, L D , and Skeggs, H K , 
^oc Soc Exp Biol and il/ed , 66, 95 (1944) 

‘ Gale, E F , Biochem J , 32, 1583 (1938) 
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sirailai stimulaloiy effects The decreased deammase activity of our 
phosphatc-inactn ated cells could also be lestored by adenosine or a hot 
watei e\tiact of E coh cells However, adenosme was unable to stimulate 
the late of carbon dioxide production fiom aspartic acid by mactivated 
cells Studies on the chemical natuie of the substances responsible for 
this lattei effect aie m pi ogress 


Reactivation of Phosphatc-Inaclivatcd Cells of D coh by Various Materials 



“Untreat 
ed” cells 

Materials added to “inactivated ’ cells* 

None 

Biotin 
(500 my) 

Biotm 
(500 my) 
+ 

Mtammst 

Adeno- 
sine (0 5| 
ms) 

B. ca’i 
utract 

L arabinosus 
extraett 

L, aralinosus 
extract} 

Qcoill (NO 



5 

1 

3 

35 


35 




1 1 

1 

0 

48 (1 0) 


32 




2 


1 

45 

30 (0 012) 



15 

1 

0 


2 

12 

28 (0 010) 



60 

1 

2 

0 

2 

46 


23 (0 003) 

Qnh»^ 

28 

10 

S 

12 

28 





45 

13 

9 

12 

33 





50 

12 

10 

13 


27 




50 

s 

0 

8 


20 




SO 

11 

15 

13 


28 




* The bacterial extracts were prepared by extracting the washed cells with boiling 
water for 10 minutes The figures lu parentheses represent the millinucrogrsms 
of biotin contained in the amount of extract added per Warburg flask 


t In the concentrations employed by Lichstcin and Umbreit ' 
f Cells grown in the presence of biotin 

§ Cells grow n m the presence of either Tw een SO or oleic acid in lieu of biotm 
11 C mm of carbon dioxide liberated from n-aspartic acid per mg of dry ce s 
r hour 

H C mm of ammonia liberated from l aspartic acid per mg of dry cells per o 


Analyses of E coh cells incubated foi vaiying peiiods of tune with molar 
phosphate at pH 4 have levealed no changes in the biotui content of t ese 
cells 


Dcpartmenl of Chemistry, University of Pittsburgh, 
and the Institute of Pathology, Wcsiei n 
Pennsylvania Hospital 
Pittsburgh 


A E Axelbod 
Klaus Hofmann 
Sab-xh Ellen Pubvis 
Mabjobib Math ale 
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PROCEDURE FOR THE STUDY OF CERTAIN ENZYIMES IN 
MINUTE A.MOUN1S VND ITS \JPPLICATION TO THE 
INVESTIG VTION OF CYTOSINE DEAMINASE 


Sirs 

The application of filtei papci du oinatogiaphy* to the study of enzyme 
leactions offers interesting possibilities Ceitain enzymes can be demon- 
strated, ind in some c ises iss.iyed, by the dnect mixing on the papei of 


e 

E 

x 

A 

Enoxie 

1 

1 

1 Reaction with substrate 

Time 

Cyto 
sine re- 
maining 

Uracil 

formed 

Deal 

tio 

cyte 

From 

uracU 

nina 
n of 
)slne 

From 

NHi 







Per 

per 




mm 

y 

y 

cent 

cent 

1 

B coll, cells 

On paper 

30 

34 

9 

19 





60 

31 

14 

28 





120 

23 

22 

44 


2 

<< t( <4 j 

In vUro 

30 

24 

6 

17 

14 




60 

18 

12 

35 

21 




120 

S 

23 

67 

56 




180 

3 

28 

84 

69 




240 


32 

94 

76 

3 

“ “ cell-free extract 

.. 

30 

2 

32 

94 





60 

0 

34 

101 



1 


120 




95 

4 

Yeast, cell-free extract 


30 


22 

65 





60 


27 

81 


5 

<4 H 

(4 4 

60 




91 




120 

1 

33 

98 


6 

44 44 44 

44 44 

60 


45 

89 


7 

44 44 44 

“ " (anaerobic) 

60 

! 

52 

100 



exactly measured quantities (0 01 to 0 02 cc ) of enzyme and substrate, 
followed by incubation m a moist atmospheie, stoppage o t e leac ion y 
heating to 100°, and chromatogiaphy Bactenal suspensions may also be 
studied in this mannei In othei cases it is 
enzymatic leaction zn inbo and then to tiansfei portions ® ® 

Papei for the identification and estimation of leaction P™ ^ , 

The development of micropiocedures for the sepaiation, by Jiomato^- 
*^phy, and the characteiization and estimation, y u ra\n 

‘ Consden, R , Gordon, A H , and Martin, A J P . Biochcm J , 38, —4 (1044) 
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photometry, of purines and pyiimidmes- has made attractive the study of 
the en^symes active m the degiadation of these compounds Dependence 
upon mdiiect criteria of en-jjrmatic action (liberation of NII3, etc ) thus is 
replaced by the direct estimation of both substrate and reaction product at 
any stage 

These studies have led to the demonstration in yeast and B coli of the 
enzyme cytosme deaminase, catalyzing the conversion of cytosine to 
uracil The accompanymg table piesents a few experiments iihich were 
carried out at 3G° m phosphate buffer of pH 7 In Experiment 1, 0 02 cc 
of an aqueous suspension contammg 480 7 of bactena (diy weight) was 
muxed on the paper with 50 7 of cytosme m 0 01 cc of 0 1 m buffer Similar 
proportions were employed in vitro m Experiment 2 Poweiful cell-free 
extracts of the enzyme (piesent in the 20,000 rpm supernatant) were 
obtamed fiom B coh and yeast, crushed m a bacterial mill (Experiments 
3 to 7) The preparation tested m Expenment 5 was free of adenase and 
guanase 

A similai arrangement peimitted the study of the conversion of adenine 
to bypoxanthine by B coh and of guanine to xanthine by the guanase of 
rabbit liver The expeiiments are bemg contmued 

Deparlmcni of Biochcmiatry Erwin Ca-inGAFF 

Columbia Univermly Jacob Kbeam 

New York 
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ICETONE BODY FORALVTION FROM TYROSINE* 
Sirs 


Though tyrobino is gcncially considcied ketogenic in animals, experi- 
mental support for this hypothesis is extremely scanty By means of 
isotopic tyrosine it has now been possible to substantiate its conversion 
to acetoacetatc by hvci and to provide infoimation concernmg the mechan- 
ism of this transformation 

To 10 gm of rat liver slices suspended m 120 ml of phosphate-salme 
there were added 10 mg of tyrosine labeled m the jS-carbon^ with 
and the mixture was incubated 2 hours m oxygen at 38° After depro- 
teinization with copper-lime, one-half of the medium was treated accordmg 
to the Van Slyke procedure for conversion of acetoacetate to acetone and 
COj The acetone isolated as the Denigfes complex had a high activity, 
whereas the COj had a very low activity Degradation of this acetone 
with hypoioditc yielded lodofoim w'lth high activity, mdicating the presence 
of isotope m either the a- oi y-caibon of acetoacetate, oi both 

To locate the position of the isotope further, advantage was taken of our 
finding that acetoacetate, when treated ivith an excess of permanganate 
m the cold, is rapidly and quantitatively converted to 1 molecule each of 
acetic, formic, and carbonic acids The reasonable assumption was made 
that these three acids are derived, respectively, from the^-, y-, the a-, and 
the COOH carbons Accordingly, the second half of the medium, after 
addition of carrier acetoacetate, was oxidized wnth IGVInOi, the ° 

KMn 04 was destroyed with peroxide, and the volatile acids st e wi 
steam The formic acid in the distdlate was oxidized to CO 2 with mercuric 
sulfate and the acetate recovered by distillation and identified by its 


Duclaux constants , 

The activities of these various degradation products (sse g a e 
are relative values, based on an assumed activity of 100 or e yrosine 
AU measurements were made after conversion to BaCOa, which was assay 
as an “mfinitely thick” layer under a mica wmdow counter - 

‘Fmanciallysupportedby theSun Oil Company, Philadelphia 

the United States Public Health Service, under the National Cancer InsUtute Act^^ 

activity of 0 9 supplied through 

in the Radiation Laboratory of the University of the sample of 2 34 

the bndness of Dr Melvin Calvin For use in these “ eVding es- 

«g was diluted with 230 mg of n-tyrosine and tg (after wmbustion 

^entially pure n-tyrosine, with an activity of 678 P an area of 5 

and measurement as BaCO, spread in an “infinitely thick layer ov 

* Reid, A P , in Preparation and measurement of isotopic tracers, Ann 
(194R1 
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Inasmuch as substantially all of the activity of the acetoacetate 13 m the 
a-caibon atom, ivo conclude that acetoacetate must arise from tyrosme by 
a process ^\heleby the a- and /S-caibon atoms of tyuosme respectively form 
the carboxyl and a-carbon atoms of acetoacetate, and tvo of the nng carbon 


Distribution of C** among Acetoacetate Carbon 


CatboQ of acetoacetate 

Substance 

Metbod of ilcscadatian 

Specific activity 

a, P. 7 

Veetone | 

! Decarboxylation 

30 0 

COOH 1 

’ CO; 1 

“ 

0 61 

d, 7 1 

tcetate | 

KMnOt oxidation 

18 


Formate* . 

It tt 

159 


Resptratory CO; 1 


1 3 


* Part of the activity of tins fraction came from the tyrosine itself 


atoms pi ovide the d- and 7-carbon atoms of acetoacetate Such a process 
IS m complete accord with the follow mg previously suggested sequence of 
steps tyiosine to p-hydi oxyphenylpyinvic to homogentisic to acetoacetic’ 

Research Institute of Temple Unucrsitg Sidney Weinhodsb 

Philadelphia Ruth H Milungion 
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OXIDATIONS BY ACETOBACTER SUBOXYDANS 


Sirs 


Acclobaclcr suboxydans ib known to bring about o\idation of polyhydioxy 
compoundb Ihe action of the bactcnal enzyme is limited, howevei, to 


substances with bpecific configur itioiis According to the geneiahzation 
of Bertrand,* only those hj'dioxyl groups aie oxidized which aie situated 
between a pruiiary hydroxjl gioup •ind a “secondary one in a cis position 
Hann, Tilden, and Hudson,- m a compaiative study of n and l sugai al- 
cohols, demonstrated that only the d form is oxidized leadily In the case 
of inositol isomers, e\cn a gicatei steieochemical specificity is lequiied, 
as was show n in a recent study by Magasanik and Chaigaff,^ only hydioxyl 
groups in a polar position aic attacked by Acelobactei suboxydans We 
Wish to report oui findings on the action of Acelobactei suboxydans upon 
D-glucose dimethylacctal,* w'liich has a configuration favorable foi oxida 
tion according to the Bertrand-IIudson mle 

A comparison of the oxidation rates of vaiious substrates leveals (see 
the table) that wicso-inositol, n-soibitol, calcium n-gluconate, and glyceiol 
are oxidized rapidly, w'heieas n-glucose dimethylacetal consumes only an 
insignificant amount of oxygen A vaiiation of the concentiation of 
glucose dimethylacetal between 10 and 100 miciomoles per Warburg vesse 
did not change this lesult In this connection it is mteiestmg to note that 
D mannose chethylmeicaptal is also resistant to the action of Aceio acter 
suboxydans - 

Glucose dimethylacetal or glucose diethylmercaptal, when added m 
concentrations vaiymg fiom 20 to 100 miciomoles to M arbuig vessels 
containing 20 micromoles of inositol, did not influence the rate a ic 
inositol was oxidized Thus, neithei of these substances has an mhibitory 


effect on the action of the bacteiial enzyme 
Attempts to adapt Acetobacler suboxydans to the oxi a, ion o S 
dunethylacetal by growmg the bacteiia on this substrate a e r 

senes of seven transfers on media contaming decreasmg f , , 

sorbitol (1 to 0 05 per cent) and increasmg amounts of g uc 
ylacetal (0 1 to 1 per cent), the bacteiia were not able to bimg a 
oxidation of the latter substance 


* Bertrand, G , Compl rend Acad , 126, 762 (1898) 
’Hann.R M , Tilden, E B , and Hudson, C S,J 
’Magasanik, B , and Chargaff, E , J Biol Chem 

* Wolfrom, M L , and Waisbrot, S W , ^ Aot 


Chem 5oc,60,1201 (1938) 
, 173 (1948) 

Soc 1 60 , 854 (193S) 
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The inability of Acelohacler to attack D-glucose dimethj'Iacetal demon- 
strates that, besides the steric requirements expressed by the Bertrand and 

Rate of OxidalxQti by Acetobacler suboxydans 
The Warburg vessels m each e\penment contained 0 5 cc of the suspension of 
resting bacteria (about 10 mg dry weight), 0 5 cc of solution containing 20 nucro 
moles of substrate, and 2 cc of 1/15 u phosphate buffer of pH 6 The evpenments 
were carried out at 3S° in the presence of air Calculated oxygen consumption, 
224 c mm 


Time 


Oxycen consumption in c.mm 


mem Inositol 

D-Soibitol 

Caldum 

D-Sluconnte 

d-GIucoso 

dunethyUcetil 

Glycewl 

mm 

5 

131 

18 

32 

1 

19 

15 

220 

48 

60 

4 

51 

30 

228 

95 

99 

4 

1 81 

45 

230 

158 

148 

6 

; 111 

GO 

235 

221 

202 

7 

136 


Hudson generalizations, additional factors are decisive for the oxidation 
of open chain polyhydroxy compounds 

Banitng and Best Department of Medical Research Bbw Iseux 

Unnersity of Toronto 
Toronto, Canada 
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ENZYM VnC CONDEXS VTION OF ACETATE TO 
VCE'IO VCET Vi’E IX LIVER EXTRACTS 


We hiive obbcr\ed ii bjaitlicsis of acetoacetate fiom acetate + ATP in 
pigeon liver evtracl'i Tlie time preparation was used as foi experiments 
on enzymatic acetyl ition of sulf mil iniide '■ The synthesis of acetoacetate 

Tidll I 


A 1 ml purified fraction \\ is used per sainpli- (corresponding to 180 mg of dry 
liver powder) in a total volume of 3 ml containing 0 01 m cysteine, 0 1 it sodium 
bicarbonate, and other additions as indicited, incubated for 2 hours at 38 



0 02 u acetate, 0 01 
li ATP, Co A, 

40 units per ml 


Same but 

Same, but 

1 

DO Co A 

no ATP 

no acetate 

Acetone,* mtcromo/c 3 

1 

3 2. 3 3 

0 1 

0 2 

0 3 


* The trichloroacetic acid extracts were first acidified with sulfuric acid and kept 
overnight at 38“ for decarboxylation of acctoacotato The fluid was then neutralized 
with sodium hydroxide and phosphate, and the acetone distilled by e pri^e ure 
of Folin * Acetone was determined colorimctrically by the me ° ° t. ^ ^ j 

Analogous results were obtained with the determination proce ure o es er an 
Greenberg * 


Table II 


A 1 ml crude, aged liver extract was used per sample, ^ 

citrate to minimize ATP breakdown The other componen s were preset a 


determined by the method of Behre ® 

Co A, units per ml 

4 

S 

12 

16 

20 

30 

Acetone, micromoles 

0 8 

1 3 

2 2 

2 7 

3 1 

3 6 


may be observed with crude extracts^ oi with the the 

70 per cent ammonium sulfate satuiation This lac 

_ in+.mferma substances 


70 per cent ammonium sulfate satuiation im , x „„„„ 

acetylatmg system and is rathei free of g'" Lmponent of this 

It appears from Table I that coenzyme A (Co A) is a p 

‘ Lipmann, F , J Biol Chem , 160, 173 (1945) 

' Kaplan, N O , and Lipmann. F , / Biol Chem , 174, 37 

* Greenberg, L A , and Lester, D , J Biol Chem , i London, 

‘Folm, 0 , Laboratory manual of biologieal chemistry. New 
Sth edition, 211 (1934) 

‘ Behre, J A , / Biol Chem , 136, 26 (1940) 
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sj’^stem The dependence of the rate of reaction on the concentration of 
Co A 13 shown in the expeiiment m Table II 
The close lelationslnp of acetoacetate synthesis, le the acetylation of 
acetate, and sulfanilamide acetylation is fuither emphasized by a strong, 
appaiently competitive inhibition by suKanilamide This may mdicate a 
common acetyl precursor 

Biochemical Research Laboratory, MaaaachitscUs Mobeis Soodie 

General Ilosp’lal, and the Department of Fritz Lipmcsn 

Biological Chemistry, Harvard 
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Boston 
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231 

Desoxyribonucleic acid turnover, 
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tein effect, Campbell and Kosterhti, 

m 

Protein ammo acid, labeled glycine 
relation, Wtnntck, Friedberg, and 
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